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FROM THE EDITOR 


This booklet is intended as «a popularizer of 
scientific knowledge of air and water which concern 
us so Closely in all spheres of our daily life. 

Using simple and common examples, this booklet 
described in general the constituents, the characteris- 
tics and the utilizations of air and water. An account 
of employing the scientific accomplishments in the 
ulilization of air for human well-being was given. 
The practical measures for eliminating air pollution 
and maintaining clean water were introduced, too. 

Throughout the booklet the author has endcav- 
oured to relate his explanations with scientific 
observations and findings so as to help the reader 
get a better understanding of the ideas presented in 
the booklet. 

Written in simple and clear terms with vivid 
illustrations, the booklet is suitable for readers of 
junior middle school training. 

AIR AND WATER is one of the “Popular 
Science Booklet Series” that consists of the follow- 
ing twelve booklets: Mechanism, Sound, Heat. 
Flectricity, Air and Water, Light, Astronomy, The 
Furih's Crust, Metcorology, Animals, Plants, und 
Physio-Hygience. 
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CHAPTER I 
AIR SURROUNDING US 


On this world where we live, everywhere is imbued with 
matters. The lofty mountains, roaring oceans, air surround- 
ing the earth, coal and petroleum buried under the carth ctc. 
are all those not matters? It is quite clear that the world is 
made up with matters. Where there is no matter, there is 
no world. In this matter world of all forms surrounding us, 
air is our closest Friend. 


Air — Our Closest Friend 


Air is always together with us from morning till night. 
Without air, life will cease, iron ore will not be able to be pro- 
cessed into iron and steel, nitrogenous fertilizer will lose its 
resource, aircraft will not be able to rise into the blue sky as 
well. Air can be called as our closest friend. It provides us 
for breathing, heating, supplies us raw materials and helps 
us in transportation. 

Although air is so close to us, we often didn’t set with 
this friend in mind. For instance, when you see a bottle full 
of air, you always say: “It’s an empty bottle with nothing in- 
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side.” But whet you drop it into water, you will find bubbles 
coming out. It solemnly declared that the bottle is imbued 


with air (Fig. 1). 


Fig. 1 Empty bottle, not vacant 


Why didn’t pcople set with air in mind? People should 
not be blamed for not showing ties of friendship. ‘This is be- 
cause on one hand air is a kind of gas with no color, no flavor, 
no definite shape or form. It cannot be seen, neither be smell- 
ed or touched, so it is not as attractive as things with color, 
flavor, as well as shape. On the other hand, the extent of air 
exists wider than any other matter. Air exists everywhere, at 
any time: So, it is unnecessary for people to stress its exist- 


ence. 
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Although people turn a blind cye to air, it is really empty 
but not vacant. Experiments illustrated that normally, air with 
a volume of | litre, ils mass is around 1.29 gram. Mass per 
unit volume is called matter density. The density of air = 
1.29 g/l. Do not be little this figure, through calculation you 
will fined air of 1 cubic meter weighs 1.29 kg; air in a normal 
Chassroom will be several hundred kilograms; air in a big 
hall can attain dozens of tons. Some one even had a calcula- 
tion of air surrounding the earth, and achieved an astonishing 
figure: 5,000,000,000,600,000 tons. 

In comparison of the density of air with other gases, it 
was found that air is 14 times heavier than the lightest gas — 
hydrogen, a bit heavier than nitrogen, and lighter than oxy- 
gen (Fig. 2). 


Air 1.29 pf 


Fig. 2 The comparison of air density with other gases 


Normally, although air is a kind of gas, it differs with 
hydrogen (H2), nitrogen (Ny), oxygen (OQ). Air is not a kind 
of pure gas, but a mixture consisting of many kinds of gases. 
Therefore air is of a big family with quite a lot of members. 


Members in the Big Air Family 


How many members are there in the air’s family? Strickly 
speaking, it is really quite difficult to make clear all the mem- 
bers. This is not only air consists of too many members, but 
also there are several visitors going back and forth. Fresh air 
in rural areas differs with polluted air in urban districts; so 
docs the air in heavy polluted industrial districts with slightly 
polluted inhabitant areas; waste gas discharged from iron and 
stecl plants differs with refineries, the composition of air are 
not quite the same either; cvcn the differences of scason, cli- 
mate influcnce the composition of air. But, the abovemen- 
tioned influences are rather small for this big air family. So 
the basic members of this big family can be maintained and 
unchanged. 

Air mainly consists of nitrogen and oxygen, a small amount 
of rare gases, carbon dioxide gas, vapor, and other constit- 
uents as well. According to volume percentage, nitrogen oc- 
cupies 78%, oxygen 21%, rare gas, carbon dioxide gas, vapor 
and other constituents tolally occupies 1% (Fig. 3). Calcula- 
tion according to weight, nitrogen covers 75.5%, oxygen 23%, 
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other 1.5%. Normally when talking about the constituent of 
air, id means the volume percentage. This is because of the 
principle for pases. Any gas with the same volume has the 
same umount of molecules under the same external conditions 


Carbon dioxide, Rare gas and other (1%) 


Nitrogen (78%) 


Fig. 3 The composition of air 


(temperature, pressure). Oxygen covers 21% of the total air 
volume, that means oxygen molecules covers 21% of the total 


molecules in air, i.e. among 100 molecules there are 21 oxy- 
gen molecules. 


The Percentage Content and Density 
of the Main Constituents in Air 


Chemical | Volume Weight | Density 
Constituents fornula (%) (So) (g/) 


—_ 


Nitrogen 78.03 75.51 


Oxygen 


Carbon dioxide gas 0.03 O16 1.965 


— - - | ee 
— -— 


0.0005 0.00007 0.178 


Neon 0.0015 0.00125 0.9 


— = -_-_— 


Rare 


gases 1.28 1.781 


Argon 0.93 
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Krypton 0.0001 0.00029 3.708 


— — ee 


Xenon 0.00001 0.000036 | 5,581 


A Kind of Gas with Less Content 
and Great Contributions 


Oxygen and nitrogen in air are ull well known gases, but 
rare gases are not so popular. But for the latter, it has quite 
a lot of usages, even if they are not so reputed and rare as well. 
Before introducing oxygen and nitrogen, let’s have a general 
view of rare gases. 

At night when you take a walk in the downtown area, 
you will surely be attracted by the multicoloured neon lights 
(Fig. 4). ‘Different kinds of rare gases arc filled in these thir 
glass tubes: neon gives out a red light; argon blue, helium light 
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Fig. 4 Neon lights 


red; a mixture of many kinds ol rare gases can give out other 
colors. 

Have you ever seen a hall or even a public square lighted 
with only one lamp? Xenon lamp has this ability. This kind 
of lamp gives out very strong white light and is called “small 
sun.” 

Perhaps you have also heard about hydrogen filled bal- 


loons? Hydrogen is far lighter than air. When a balloon is filled 
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with hydrogen, it can slowly rise in the air (Fig. 5). But 
hydrogen is also a bad tempered gas, combustible and ex- 
plosive. Special care should be taken in using, otherwise ex- 
plosion might happen. Raregases do not have the abovemen- 
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lig. 5 Balloons rise slowly 


tioned disadvantages. They arc stable and will not. easily 
have chetnical reactions with other matters. So, they are usual- 
ly called inert gas. Helium's densily is the smallest among rare 
gases and besides hydrogen it is the lightest gas. If a balloon 
is filled with helium, it can also rise in the air like a hydrogen 
balloon. Helium is incombustible, uncxplosive and safe. So 


helium as well as hydrogen, helium mixture are usually used 
for filling balloons. 

Quite a number of aluminium products have been used 
in your daily life. Lunch box, kettle, steamer etc. can be made 
of aluminium. Aircraft as well cannot be made without alu- 
minium. Aluminium is well received for its lightness and stain- 
less. But difficult to weld is its biggest shortcoming. Why? 
This is because aluminium (Al) is an active metal in chemical 
propertics. It is very easy to oxidize in air and form alumina 
(Al,O3). Welding can be smoothly carried out if rare gas is 
used as protecting atmosphere while aluminium is welded. 
This is because in such cases, aluminium is separated from 
air, so it cannot be transformed to alumina. Therefore, argon 
(Ar) is normally used as a protecting atmosphere in welding 
active metals such as aluminium, magnesium etc. Using rare 
gascs as protecting atmosphere is not limit to welding. — Tt 
plays an important role during the extraction of active metals. 
The extraction of titanium --- an up and coming youngster in 
the metals field is an cxample. Titanium is a kind of metal 
with low density, high strength, heat and corrosion resistance, 
as well as abundant reserves. Many of its good properties sur- 
passcd aluminium and steel. It is a very good material for 
making supersonic aircraft, spaceship. It is renowned for 
‘space metal’. This metal was discovered in ore by scientist 
ubout 200 years ago. However, large quantities of production 
and application was a matter in the past thirty years. The 
reason is the chemical properties of titanium is very aciive 
under high temperature. Titanium metal easily reacts with 
oxygen, nitrogen, carbon etc., so it is very difficult to extract 
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pure titanium. Process currently used in extracting titanium 
metal is smelting under high temperature with rare gas as 
protecting atmosphere. 

Besides, rare gases has quite a lot of important applica- 
tions, such as medical treatment and health, electronic in- 
dustry, atomic energy as well as cryogenics or vacuum tech- 
nology. There are also other applications which we will not 
introduce here. 

The total amount of rare gas in air covers less than 1%, 
it’s really quite a small amount. But it docsn’t means that in 
all cases rare gas is a “rare visitor’ in nature. lt was found 
in the past few years that there is a helium zone at the al- 
titute between 760 km to 2400 km from the earth’s surface. 
There is just a helium’s world. 

After we have had a preliminary idea of the properties 
of rare gases and thcir applications, now, let’s see what arc 
the important usages of oxygen and nitrogen, the chicf mem- 
bers of the air’s family in our daily life and production. 
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CHAPTER II 
THE COMBUSTION OF MATTER 
IN AIR 


Combustion is a common phenomenon in life. It was told 
by historians that combustion was already very popular as 
- early as billions of years ago (Fig. 6). People learned to make 
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Fig. 6 The utilization of fire by mankind in 
the early days 
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ceramics, refine metals thus promoting the progress of social 
production (Fig. 7). 

Nevertheless, in a very long historical period of time, 
pcople only knew how to use combustion, but didn’t know the 
reason of it. It was not until the end of the 18th century, 
that a French chemist called Lavasy who advanced the combus- 
tion theory, revealed the unsolved mystery of combustion. 


Fig. 7 The usage of fire Jor metal making 
by ancient Eyvptiaus 
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How Did Lavasy Revealed the Mystery 
of Combustion 


Before the founding of Lavasy’s theory, scholars wrongly 
considered fire as an element and called it “combustion ele- 
ment'’. The flames produced while burning mattcrs were ex- 
plained as the emission of combustion clement. If this was 
correct, the residues after combustion should be lighter than 
the original matter owing to the emission of ‘‘combustion ele- 
ment’. However, the case was just the opposite. Weight of 
quile a few matters (such as metals) increases after combus- 
tion. Was there a way to solve this difficult problem? Many 
famous scientist could not give a reasonable reply at that time. 

Lavasy decided to solve this problem through tests (Fig. 
8). Since 1772, he spent five years to study combustion- test 
and finally gained success. Lavasy's intelligence was that he 
not only paid altention to the weight increase of matters after 
combustion but also the weight decrease of air in the com- 
bustor. Results measured by balance showed that the weight 
increase of matter was just the right weight oxygen decreased 
in air. For instance, the two tin (Sn) combustion test results 
were: 

Ist 2nd 
Increased weight of Sn after combustion (unit) 3.12 10.00 
Decreased weight of air after combustion (unit) 3.13 10.06 

In 1777, Lavasy happily concluded his five year test re- 
sults and put forward his combustion theory to Paris Academy 
of Science, thus dislosed the mystery of combustion to man- 
kind. He pointed out, the reason why matters burn in air 
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Fig. 8 Lavasy testing 


is it reacts chemically with the oxygen in air; the increased 
weight of matter after combustion is the right decreased weight 
of oxygen in air; heat and light produccd by mattcr during 
combustion is not the decomposition of “combustion element”, 
but only a phenomenon happened during an acute chemical 
reaction. 

Now, let's make a phosphorus combustion test to verify 
Lavasy’s theory. 

First, put a small piece of ordinary phosphorus into a 
wide mouth glass bottle, scal the mouth of the bottle and then 
heat the bottle with fire. You will find the ordinary phos- 
phorus burns acutely with very bright flames and a certain 


14 


amount of smoke as well (Fig. 9). The smoke condenses on 
the wall of the bottle like a layer of white frost. This is phos- 
phorus pentoxide which was formed by the combination of 
phosphorus and oxygen. The chemical reaction is as follow: 


AP + 30, combustion 2P,0; 


When the glass bottle is cooled, put it upside down in water 
and pull out the seal under the water surface. Then you will 


Fig. 9 Test of phosphorus combustion 


see water flows into the bottle automatically until it occupies 
one fifth of the total volume of the bottle (Fig. 10). If a 
burning wooden stick is put into the remaining gas of the bot- 
tle, the flame will die out immediatcly. It illustrated that 
oxygen which occupies one fifth of the total volume of air 
combined totally with phosphorus to form phosphorus pento- 
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xide (the other four fifth of air is nitrogen etc. which did not 
burn and still remain in the bottle). ‘The weight of phosphorus 
pentoxide is the sum of weights of the burned phosphorus and 
the oxygen in the bottle. 


Fig. 10 Water that enters into the bottle occupies 
approximately 1/5 of the volume 
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It is obvious that the combustion of matter in air is real- 
ly the fact that matter chemically reacts with oxygen. How- 
ever, if amorphous phosphorus (like the kind on match-box) 
is put in the bottle instead of ordinary phosphorus, it will 
not burn, but only slightly baked, why? 

This is because that the combustion of matter in air not 
only needs oxygen but also a certain temperature. This tem- 
perature is so-called burning-point or ignition point. Different 
matters have different ignition points. Phosphorus consists 
of amorphous phosphorus and ordinary phosphorus. The 
“two brothers” have different tempers. Ordinary phosphorus 
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is “short-tempered” and combustible as well. It burns at 40°C 
in air; amorphous phosphorus is not so “short-tempered”’, it 
has to be heated to 240’C to combust. So, for amorphous, 
slight roasting cannot: make it burn. Burning reaction only 
takes plaice when continuously heated to ignition point (Fig. 
11). 


Amorphous phosphorus 


Cee, 


Ordinary phosphorus 


Fig. 11 Different ignition points for ordinary and 
amorphous phosphorus 


Different matters have different ignition points. The 
ignition point of timber is a bit higher than amorphous phos- 
phorus, over 250°C; the ignition point for anthracite is even 
higher, normally between 700 — 750°C. Because usually it 
can’t reach this temperature, therefore, although contacting 
with air, timber or anthracite will not burn. 
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Ignition points for a certain amount of combustible mat- 


ters are shown as follows: 


The Ignition Points of Some Combustible 
Matters (°C) 


Hay about 172 Sulfur 
Timber 250~330 Alcohol 
Anthracite 700~750 Hydrogen 
«Ordinary phosphorus 40 Acctylene 
Amorphous phosphorus 240 Methane 


260 
558 
585 
335 
337 


Therefore, the combustion phenomenon of matters in air 


is an acute chemical reaction of matters with oxygen under 


a certain temperature with luminous and exothermic phenom- 


ena. The two necessary conditions for matters to combust 


in air are combustible matter contacts oxygen as well as tem- 


perature reaching the ignition point. Not a single one of these 


conditions can be dispensed with. Since the combustion of 


matter in air is only a chemical reaction with oxygen, then, are 


the combustion circumstances in air as well as in pure oxygen 


quite the same? 


More Acute Combustion in Pure Oxygen 


When a nearly died out match (with a small spark) is put 


into a bottle of oxygen, it will reburn immediaicly. If we put 


an iron wire heated to red in air into an oxygen bottle, it will 
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nt once ridiate beautiful and dazzling sparks, and looks like 
a small fire work (ig. £2). 
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Fig. {2 More ucute combustion of matter in: pure oxvgen 


Facts told us that matter combusts even more acute in 
pure oxygen than in air. Why? This is because combustion 
is « chemical reaction between matter and oxygen. The more 
chances matter contacts with oxygen, the more it reacts, the 
more acute the combustion would be. According to the con- 
stituent of air, only one fifth of the total molecules in air can 
react with oxygen, the other four fifth remaining molecules 
are not oxygen molecules, they will depart from matter when 
contacting it without saying good bye. Things will be dif- 
ferent in pure oxygen, oxygen molecule exists everywhere. It 
is obvious that in pure oxygen reaction is more acute due 
to more chances of contact of matters with oxygen. 

For instance, the efficiency of top blown oxygen steelmak- 
ing process adopted in modern steel industry is much more 
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higher than the former air steelmaking process. The process 
for steelmaking is a process in reducing the carbon content as 
well as harmful impurities in pig iron by oxidation. The reac- 
tion for air sleelrnuking process used before is very slow, the 
temperature inside the furnace is rather low. The quality of 
product might be influenced also and quite an amount of heat 
is wasted owing to the large amount of nitrogen in air. The 
principle of oxygen top blown process adopted recently is that 
high pressure oxygen with a purity of over 99% is injected 
through a special injection lance which is plugged in from the 
top of the converter. Oxygen reacts dircctly with the blast 
furnace hot metal. The reaction is acute associated with a 
large amount of exothermicity. Decarbonization is rapid. A 
heat of steel can be produced within 20 minutes (Fig. 13). 
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Fig. 13 Pure oxygen top blown furnace for steelmaking 
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Take flame welding as another example. We often see a 
flame welder holding a welding torch, whistling light blue 
flame gushes strongly from the nozzle of the torch. Even the 
stronpest( steel while contacting will sparkle (Fig. 14). “What 


Fig. 14 A flame welder at work 


kind of specific fuel is put in the torch to eject such high tem- 
perature flame? If you only study the conduct tubes of the 
torch, you will find there is rcally no specific fuel. Ethyne 
(C,H,), so-called acetylene, flows in one tube and oxygen in the 
other. Carbon dioxide and water are formed when acetylene 


21 


combusts in pure oxygen. A ccrtain amount of heat is relieved 
simultaneously. 


2CsH)+50, combustion 400, 21.0-+heat 

Flowrates of these two gases must be adjusted properly in 
order to have full combustion. A high temperature of 3100°C 
can be produced. It is very easy to melt a common metal with 
this high temperature. Therefore, a high tempcrature flame 
which is obtained by the combustion of acetylene with oxygen 
called oxyacetylene flame is normally used in welding or cutting 
mctals. 

Furthermore, hydrogen which people are familiar of can 
obtain a high tempcrature flame — hydroxy flame around 
3000°C. So, it is also a good hand in welding technology. 

The combustion reaction of hydrogen and oxygen is as 
follow: 

2H. + O, combuenan 2H,0 +heat 
This will not pollute the air because the result of this reaction 
is water; furthermore, the reaction also emits a great deal of 
heat, one kilogram of hydrogen cquals to 3 kilograms of gas- 
olinc, so, hydrogen is a new kind of fucl better accepted than 
gasoline. 


Combustion and Energy 


People usually refers fuc! as the kind of combustible 
matter that can produce a great amount of thermal energy used 
for energy sources. Thermal energy by fuel during combustion 
can be directly used for heating to obtain high temperature, 
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it can also be transformed to optical energy, electrical energy 
as well us mechanical energy in application. In fact, not all 
of the combustibles can serve as energy. It depends on wheth- 
er the resource is sufficient, usage convenient, thermal heat 
ceminnion is able to meet the ‘requirements. Timber has been 
the tain energy used by mankind in the old days, and this 
haw not changed until the beginning of this century. Later, 
lt wus shifted to petroleum and natural gas. Among the total 
cnetpy demand, petroleum and natural gas covers 65%, coal 
28%, others (hydropower, nuclear energy etc.) 7%. However, 
what worries-us is petroleum, natural gas and coal as major 
sources of energy cannot last forever. This is because these 
reserves as minerals in nature are limited. Estimates made, 
according to the recent increasing rate of cnergy consumption, 
87% of the petroleum reserve, 73% of natural gas might be 
depleted by 2000. This is the so-called energy crisis which 
people often talk about. The most important way for solving 
tlhe crisis is to develop new energy besides energy conserva- 
tion. _In developing new energy, chemists happened to think 
of hydrogen simultaneously. 

_ As a matter of fact, the combustion of hydrogen was 
discovered as early as several hundred years ago. Means for 
using hydrogen as fuel had been pointed out before, but it 
wasn't realized at all, The reason was because methods for 
the preparation and storage of hydrogen were not fully solved. 
The reserve of hydrogen in nature is rather small. It is nec- 
essary to find a cheap and easy way to prepare hydrogen in 
quantities in order to make it become a source of energy. 
Although hydrogen can be prepared by electrolytic water, but 
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the cost is high and not practical. At prescnt, a way for using 
heat from nuclear reaction or solar energy to decompose water 
in preparing hydrogen is studicd worldwide. Its chemical re- 
action is: 

2H,O high temperature 21], + Os 


——--» 


Besides, as to the properties of hydrogen, under normal tem- 
perature and pxessure it is in the form of gas and is combus- 


tible and explosive. So, it is necessary to solve the problem of 
storing. It is inconceivable that aircraft would carry a kind 
of gas fuel with minor quality and great volume up in the 
sky. People have found new ways to solve the storage prob- 
lem: converting gaseous hydrogen to liquid by pressurized 
liquidation, thus greatly reducing hydrogen’s volume, the other 
way is to make hydrogen react with metal, producing solid 
metal hydride, and hydrogen will emit by adding water or by 
heating when uscd. 1 kilogram of calcium hydride (CaHy) 
can relieve about 1000 litres of hydrogen while contacting 
with water. A picce of titanium metal can absorb 1600 times 
hydrogen corresponding to its aclual volume under normal tem- 
perature. This is quite similar to a ‘metal storage” for hydro- 
gen. 

Studies made in the last few ycars showed that there are 
a certain amount of alloy that can act as “metal storage’ for 
hydrogen. Lanthanum-nickel alloy consisting of lanthanum 
and nickel has this ability. Test results showed one cubic 
meter of this alloy is capable of storing 8&8 kilograms of hydro- 
gen, much more than the same amount of liquid hydrogen (71 
kg/m’), Hydrogen stored in a small 7 litres steel tank con- 
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tuining lanthanum-nickel alloy equals to a 40 litres high pres- 
sure hydrogen cylinder of 150 atmospheric pressure. Metal 
storage for hydrogen is not only easy to carry by aircraft, but 
also Flexible enough to be used for automobiles. At present, 
some countrics are developing metal hydride motors. It is es- 
(nuited that aircraft by hydrogen power will be formally 
uwd within this century. During combusting the same weight 
ul hydrogen and gasoline, the former will generate a far larger 
wmount of power owing to its higher calorific capacity 
(28900 kcal/kg), therefore, aircraft by hydrogen power will be 
two times faster than the ordinary supersonic aircraft. Let's 
look forward to the prompt coming of the days of popularly 
using hydropen energy. 


Explosion, Combustion, Slow Oxidation 


Special care should be taken in safety, when hydrogen is 
used for fuel. If a certain amount of hydrogen is mixed in air, 
a small spark can cause an explosion. 

Chemical reaction for hydrogen explosive and combustion 
are just the same. Only the speed of reaction differs. Hydro- 
gen is immediately ignited when it flows out the conduct tube, 
the contact of hydrogen with oxygen are limited to a certain 
small range around the nozzle of the conduct tube, regardless 
in air or in pure oxygen. Continuous relief of hydrogen will 
result in continuous combustion reaction. Although the reac- 
tion is acute, heat relieved is limited and can be diffused to 
the surrounding at any time. If hydrogen is mixed with air 
in a certain space i.e. when a certain amount of hydrogen is 
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mixed with air while firing, a great amount of hydrogen and 
oxygen molecules will be on the verge of breaking out and 
engaged in hand to hand fight, owing to the mutual contact 
of hydrogen and oxygen in a certain large area. A single spark 
might cause a comprehensive, rapid and acute reaction, thus 
contributing as an incident that touches off a war. 

In a split of a second, innumerable hydrogen and oxygen 
molecules join the reaction and relieve a great amount of heat, 
whieh will be too late to diffuse gradually, thus causing a 
sudden volume expansion. This is called explosion. 

When a certain amount of combustible gas such as hydro- 
gen, acetylene, carbon oxide, methane, alcohol and gasoline 
steam etc. is mixed in air, it can cause explosion while en- 
countering with fire. 

Methane (CH,) is normally mixed in the air of coal mines. 
If the content of methane in air reaches 5% by volume, ex- 
plosion might happen when encounterng with fire. This is 
the so-called gas explosion. Gas explosion once happened in 
1941 in a coal mince of Jilin Province. Over three hundred 
miners were killed by that accident. In 1942, over one thou- 
sand and five hundred miners were killed and wounded be- 
cause of the gas explosion in Benxi mine, thus creating one of 
the biggest tragedy in world coal mining history. 

Explosion is an oxidation reaction even more acute than 
combustion. But there still exist another kind of oxidation 
reacton which is slower than combustion. For instance, iron 
and stéel get rusty, food turned putrid, fertilizer became 
thoroughly decomposed etc. 
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Vhe rust of iron in air acutually is the process of chang- 
Wy! rot do iron oxide. This means that iron carried out an 
oxidation reaction, This kind of chemical reaction proceeds 
quite slowly, with no luminous phenomenon. In chemistry, 
it in called slow oxidation. 

In appearance, gas explosion, acetylene combustion, iron 
und steel rust seemed totally different, in essence they all be- 
longs to oxidation reactions, which proceed with various, 
rupid, fast or slow speed. So it is clear that combustion are 
all oxidation reactions, but not all of the oxidation reactions 
do combust. 


Is Combustion Possible Without Oxygen 


Now let’s do some further study on whether matter can 
combust without oxygen? Perhaps, you will answer definite- 
ly that combustion will surely be impossible without oxygen! 
Nevertheless, if you pay a visit to a chlorhydric acid plant, you 
will feel that your answer is not correct. 

Chlorhydric acid is the solution of hydrogen chloride gas 
dissolving in water. Hydrogen chloride gas is exactly obtained 
by the combustion of hydrogen and chlorine- (Cl). 

If we carry out a test according to Fig. 15, put the hydro- 
gen which is burning in air rapidly into a wide mouth bottle 
filled with yellow green colored chlorine. You will find hydro- 
gen combusts continuously in chlorine and presents a pale 
white flame. Hydrogen chloride is obtained. 


H, + Cl, combustion 911¢] 
Sees ae 
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H yd roggon 


— Chlorine 


Fig. 15 The combustion of hydrogen in chlorine 


It is thus obvious that matter is not absolutely incom. 
bustible without oxygen. 

Certainly, combustion phenomenon like the combustion 
of hydrogen and chlorine is seldom seen. Oxygen usually 
takes part in common combustion. Therefore, for common com- 
bustion, the two necessary conditions for matter combustion 
are whether matter contacts with oxygen and whether the 
temperature reaches the ignition point. Measures and common 
principles for fire-extinguishment were adopted directed against 
these two conditions. Any disruption of one of those condi- 
tions will cease the combustion. 


A Fire-Extinguishing Hero — Carbon Dioxide 


The advantages of combustion are used both in produc- 
tion and daily life, but if we are carcless, it might cause fire, 
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thus bringing a great loss for mankind. As for harmful com- 
bustion, vigorous fire extinguishing measures must be adopted 
immediately. 

While mentioning about fire extinguishment, we cannot 
but think of carbon dioxide first. Because this is a hero who 
offen appears and disappears in the case of a fire and who 
has obtained brilliant achievements. People often use froth 
“extinguisher because carbon dioxide stands out in case of emer- 
peney to put out the fire. Why is carbon dioxide capable of 
extinguishment? First, this is because common matter doesn't 
combust in carbon dioxide. If we put a burning wooden stick 
in carbon dioxide, it would dic out at once. Why is carbon 
dioxide offen used for extinguishment among all other mat- 
ters Which do not substain combustion such as nitrogen? This 
is because it is heavier than air. Density of carbon dioxide is 
1.5 times the density of air. Test in Fig. (6 shows when carbon 
dioxide is put into a vessel the lighted candle dies out gradual- 
ly from the bottom to the top. This illustrated that carbon 
dioxide is heavier than air. For this reason, carbon dioxide 
gas sprayed from the extinguisher can cover the combustibles, 
cnable it to separate from air. Thus, the purpose of fire ex- 
tinguishment is realized. If a kind of gas which is capable of 
extinguishment but lighter than air is used, it would be easy 
to wind high above in air instead of covering the combusti- 
bles. In this case, the combustibles cannot be separated from 
air, combustion cannot be ceased. 

There are many kinds of carbon dioxide fire-extinguishers, 
the most common one is froth extinguisher. At the corners of 
factories, warehouses or laboratories you may often see sev- 
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Fig. 16 CO, can extinguish and is heavier than air 


eral red cylinders like thermos bottles. Those are the froth 
extinguishers (Fig. 17). Two kinds of solutions which are kept 
apart from each other are filled in those extinguishers instead 
of carbon dioxide. These are sodium bicarbonate (NaHCQ3) 
and aluminium sulphate [Al.(SO,).,]. Extinguisher has to be 
put upside down when uscd (Fig. 18). Then, the two solu- 
tions in the cylinder mixed with each other and chemical 
reaction takes place. A great amount of carbon dioxide gas 
formed sprayed rapidly together with froth liquid. Owing 
to the froth agent mixed in solution, carbon dioxide froth spray- 
ed can better cover the surface of the combustibles, thus play- 
ing a role in isolating air. This kind of extinguisher is ef- 
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Fig. 17 Froth extinguisher 


Fig. 18 The application of froth extinguisher 
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fective, convenient and usually used for extinguishing fire caus- 
ed by common matter or oil. Because liquid sprayed is able 
to conduct electricity, so power supply has to be shut off to 
avoid electric shock when electrical equipment is on fire. 

There is another kind called carbon dioxide extinguisher. 
Compressed liquidized carbon dioxide is filled inside the cyl- 
inder. Turn on the switch when using, carbon dioxide 
can spray out. Since carbon dioxide do not conduct electricity, 
it is often used to cxtinguish fire caused by electrical cquip- 
ment or chemicals. 

The so called dry powder extinguisher (Fig. 19) consists 
of two parts, a quite small stcel bottle and a larger cylinder. 
Liquidized carbon dioxide is filled into the steel bottle while 
dry powder cxtinguishing agent (such as sodium bicarbon- 
ate) is filled in the cylinder. Turn on the switch of the steel bot- 
tle when in use, carbon dioxide will be compressed imme- 
diately into the cylinder. Owing to the great pressure of carbon 
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dioxide, dry powder can be brought along together with it and 
sprays rapidly from the nozzle. A great amount of carbon di- 
oxide powder mist can extinguish fire quickly. This kind of 
extinguisher is suitable for extinguishing fire caused by oil, 
chemicals, electrical equipment. It fully displays the extin- 
vuinhing ability of carbon dioxide. 

Of course, carbon dioxide is not the only fire-extinguish- 
ing hero on the scene of a fire, water is another vital new 
force. Water for extinguishment has rich resources. A great 
amount of water sprayed on the combustibles can not only 
isolate air but also achieve remarkable temperature drop ow- 
ing to heat absorption for the vaporization of water. Because 
oil is lighter than water, and can flout on water to continuous: 
ly contact with air, it cannot be used to put out a fire caused by 
oil (Fig. 20), Also because water can conduct electricity, it 


Fig. 20 Water cannot bz used to extinguish 
fire caused by oil 
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cannot be used to put out a fire caused by electrical equip- 
ment too. 

In short, there arc various ways and implements for fire- 
exlinguishment and treatment can be made according to dif- 
ferent circumstances. In general, there are only two prin- 
ciples: first, combustibles should be isolated from air; second, 
temperature should be reduced to below the ignition point. 
In other words, try by any possible means to destroy the two 
conditions for matter combustion. 

It is obvious the purpose of our extinguishment is rather 
clear. What we extinguish is the combustion which is harmful 
for the living and production of mankind. As to those profit- 
able combustions rather than extinguishing, we feel its com- 
bustion is far not enough. Recently, because of the lack of 
combustibles such as petroleum, coal, energy crisis occurred 
in quite a number of countries worldwide. This shows, the 
combustion of matter in air is once of the important resources 
for mankind to obtain cnergy. 
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CHAPTER III 
NO AIR, NO LIFE 


\ 

Sufficient energy is not only necessary for mankind in 
their daily life and production, but also most important for 
the existence of life itself. Of course, this kind of energy 
doesn't come from heat relieved by the combustion of petro- 
lcum or coal, but comes from the oxidation of nutriments in 
the body. How can nutriments in the body oxidize and re- 
licve heat? All this rclies on breathing. 

Any person from birth to death within a time period of 
several decades or even over a hundred years could not stop 
breathing air for even a short while. If there is no food, life 
could last for several days, but if therc is no air, life would be 
over within sevcral minutes. So breathing is most important 
for life. 


What Is the Secret of Breathing 


Energy is necessary for human body to conduct various 
physical activities and to keep a certain body temperature. 
Where docs the energy comes from? This relies on the heat 
relieved while nutriments from food react with oxygen in the 
human body. Oxidation of nutriments such as oxidation of 
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carbohydrate, fat, protcin belongs to slow oxidation. For in- 
stance, the oxidation of glucose (CyH;2Og¢) 
CH, .O4+60.—» 6CO2+6H,O + heat 

Although the amount of heat relieved from carbohydrate, 
fat and protein differs, but it all belongs to reactions with 
oxygen and finally producing carbon dioxide and water. Orxy- 
gen required for those reactions is actually the oxygen inhaled 
by a person while breathing in air. It is obvious that the pro- 
cess of breathing is really the process of inhaling oxygen and 
exhaling carbon dioxide. It is also a process of utilizing the 
oxidation of nutriments to obtain heat. 

Breathing is not only accomplished by lungs. In fact, 
it is the process of oxygen touring the human body. After 
oxygen is inhaled into the lungs it first enters into blood ves- 
sels through the membranes of pulmonary alveolus, blood in 
the vessels will then carry oxygen to the whole body and oxi- 
dation will occur. Carbon dioxide produced from the oxida- 
tion reaction will be absorbed by blood and exhaled through 
the lungs. 

If you exhale gas into clear limewater through a tube, you 
will find the clear limewater becomes turbid (Fig. 21). The 
reason is carbon dioxide exhaled reacts with limewater (cal- 
cium hydroxide solution), and produces white calcium 
carbonate which does not solute in waier. 

COo+ Ca(OH). —-» CaCO, y + H.O 
In chemistry, this test method is often used to determine 


the existence of carbon dioxide. 
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Fig. 21) Carbon dioxide makes clear 
limewater turbid 


Normal content of carbon dioxide in air, according to 
volume is approximately 0.03%, but nevertheless, carbon dio- 
xide content covers 4.5% of the total gas exhaled by an adult. 
Carbon dioxide exhaled by an adult per day is around 0.5 m*. 

Test shows that through breathing, people cannot use up 
all the oxygen in the air, oxygen content still occupies 16.5% 
of the gas exhaled. If you put a burning wooden stick into 
the gas exhaled it will not die out immediately. 

As for breathing, we usually say it is a process 
of inhaling oxygen and exhaling carbon dioxide, but in fact, 
in normal circumstance, a healthy person inhales air but not 
oxygen, and exhales not merely pure carbon dioxide but air 
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with the increase of a few percent of carbon dioxide and de- 
crease of a few percent of oxvgen (Fig. 22). 


CO, approx 4% 


O, Approx 16° 


Fig. 22 Air exhaled 


But, in special cases or for some patients, merely oxygen 
supplied by air is not sufficient, they need to breath in pure 
oxygen or an addition of pure oxygen would be necessary. 


People Who Needs Pure Oxygen 


Why do the pilots and mountaineers or even a strong 
young man find breathing difficult when they are at an altitude 
of 5 kilometers above sea level. Is it because that the per- 
centage of oxygen in air lowers a lot merely at 5 kilometers 
above sea level? Of course, this is not the reason. Not 
merely 5 kilometers, even ten times of 5 kilometers, say at an 
altitude of 50 kilometers oxygen in air in terms of percentage 
still covers 21%. But percentage doesn’t represent the actual 
amount of quantity. Investigation shows air weight per unit 
volume changes obviously at different altitudes. Air weight 
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is about 1.3 kp/m' near the sea level, but at an altitude of 
5.5 kin it drops to 0.6 kg/m, and only 4 g/m? at an altitude of 
JO kin (hip. 25). Although the content of oxygen in terms of 
pcrcentapye shows no difference at the altitude of 40 km, the ac- 
tual quantity, however, differs by 300 times. It is the earth 


Fig. 25. Difference of weight of | m> of air 
at different altitudes 
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gravitation which causes this phenomenon i.e. the higher the 
altitude, the thinner the air. The nearer to the earth surface 
the more concenirated are the molecules. The further from 
the earth surface the thinner the molecules. At an altitude 
of 5 km from the earth surface inhaling once cquals to inhaling 
less than half of its quality on earth surface. Owing to the 
big decrease of oxygen inhaled, breathing would certainly be- 
come difficult. Therefore, pilots and mountaineers have to 
carry oxygen bottles with them to compensate the less oxygen 
in thin air. 

Divers working under water depends also on oxygen bot- 
tles for breathing. Pure oxygen is also required for patients 
in case of breathing difficulties (Fig. 24). 

Not only mankind has the ability of breathing. All liv- 
ing beings in nature need breathing. All of them inhales 


Fig. 24 People who need pure oxygen 


oxvpen and exhales carbon dioxide. But as to how to imple- 
memt their ability, cach of them has their own way. Mankind 
mud tnany other animals breathe through their Jungs; but earth 
wernt depend on their epidermis; while fish in water use its 
vill. to absorb the soluted oxygen. 

Since all living beings have to breathe, will the total vol- 
ine of oxygen in nature gradually decrease? Long ago, there 
wus a scientist who worried about this. He believes the ccon- 
sumption of oxygen will be more and more along with the 
increase Of world population and the development of indus- 
trics. As the total amount of oxygen on earth is limited, after 
a period, say 500 years, oxygen will be depleted. Then, 
human beings will face destruction. How pessimistic is this 
estimation! Life didn’t progress in accordance with the es- 
timation of this scientist. Oxygen in nature didn't decrense 
at all. 


Why Oxygen Didn’t Decrease in Nature 


About 200 years ago, test had been carried out by one 
who put a burning candle into a glass hood. The candle dicd 
out aftcr a short time due to its consumption of oxygen. The 
candle will burn for a longer time if a green plant such as 
peppermint is placed in the same hood under the sun (Fig. 25). 
How can we explain this strange phenomenon? Why is the 
green piant under the sun so powerful? 

Another interesting test was carried on by someone who 
soaked green leafs in water. After putting it under the sun, a 
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Fig. 23) Hood with peppermint tiside can 
keep the candle burning 


lot of bubbles emerged (Fig. 26). Collect the bubbles with a 
(cst tube and put some picces of wood with fire sparks into 
it. It was found that the picces of wood burned acutely. This 
exactly showed that the emerging bubbles was oxygen. When 
carbon dioxide was injected into the water, he was surpriscd 
to find out the more carbon oxide in water the more oxygen it 
generated. 

Many research conducted by scientists showed that this 
phenomenon is the photosynthesis of plants. Plants absorb 
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Fig. 26 Green leaves soaked in water 
will emerge bubbles 


solur energy through chlorophyll, and promotes the reaction 
of carbon dioxide with water, thus forming glucose, starch 
uic., as well as relieving oxygen. This photosynthesis of green 
plants in the sun absorbing carbon dioxide and relieving oxygen 
is just opposite to breathing. Carbon dioxide from breathing 
cun be absorbed by the photosynthesis; oxygen consumed by 
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breathing can then be compensated by photosynthesis (Fig. 27). 


breathing 


Glucose +Oxygen <—-—— >=—”Carbon dioxide+ Water 
photosynthesis 


The existence of breathing and photosynthesis in nature 
is the basic reason for the unchanged amount of oxygen in air. 
Besides, the combustion of fuels in production and daily life 
consumes oxygen and emits carbon dioxide, but the weathering 
of rock in nature again needs to consume carbon dioxide. 
There are various ways for consumption and compensation, 
but generally, consumption and compensation are under a 
stage of balance. Therefore, exhaustion of oxygen and human 
beings facing destruction will never happen. 
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Fig. 27 Circulation of oxygeit in ndiure 
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Nevertheless, if we try to precisely determine the amount 
of oxygen or carbon dioxide in air, we will find its content 
changes slightly year by year. According to reports concerned, 
(lhe content of carbon dioxide in air increases progressively 
ycur after year. During the past century it increased approxi- 
inatcly by 13%. This is mainly because the consumption of 
fossil fuel shows a remarkable increase along with the devel- 
opment of industry. Owing to the small amount of carbon 
dioxide in air (0.03%), though carbon dioxide increased 13% 
within a century, its influence is extremely small to the whole 
air structure. 

The appropriate increase of carbon dioxide in air benefits 
the photosynthesis of plants and promotes the increase of 
agricultural output. There is another kind of gas making great 
contributions in agriculture. This is nitrogen covering a large 
portion in air. 
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CHAPTER IV 


RAW MATERIAL BASE FOR 
FERTILIZER PLANTS 


Nitrogen covers 4/5 of the total volume in air. Although 
this number is less than one. You will be surprised of its ac- 
tual weight. Calculations made according to the earth surface 
area, you will find 7.5 million metric tons of nitrogen per 
square kilometre. Nitrogen surrounding earth is about 
4,000,000,000,000 tons. This is an inexhaustible natural re- 


source and the raw material base fer fertilizer plants. 


An Indipensable Element 


When nitrogen was first being found 200 years ago, a 
test was carried out showing that a living mouse in nitrogen died 
quickly owing to the lack of oxygen (Fig. 28). Therefore, 
nitrogen obtained a remark of not being able to maintain life. 

In fact, this remark isn’t fair. It is true that nitrogen 
cannot help breathing, but the nitrogen element which exists 
in certain compounds are just indispensable in life. Nitrogen 
content in protein, so-called the base of life, is about 17%. An 
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ig, 28 Test on mouse 


adult needs to extract about 90 grams of protein from food per 
day. Sufficient nitrogen is necessary also to make plants grow. 
Without nitrogen, the chlorophyll content will decrease, leaves 
will turn yellow, formation of protein will be restricted, crops 
will be small and weak, output will certainly be reduced. So, 
nitrogen ranks the first among the three main elements (nitro- 
gen, phosphorous and potassium) for making plants grow (Vip. 
29). 

Since all animals and plants need nitrogen, then, whiy 


don’t they absorb it directly from air, instead of sending to the 


fertilizer plants for the production of fertilizer? ‘Thi. 1. Ih 
cause animals and plants absorb nutriments throw certain 
organs in certain ways. For instance, a tm leat 
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Fig. 29 Three main elements for making plants grow 


requires calcium, which can be extracted only from food or 
supplemented by pharmaceuticals, but cannot be substituted by 
swallowing calcium metal or cating a picce of calcium content 
limestone every day. Plants cannot absorb nitrogen directly, 
they can only assimilate nitrogen compounds in soil solution. 
Therefore, the only way to provide nitrogen required by plants 
is to produce nitrogen fertilizer from nitrogen and then apply 


it to soil. 
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Ilow Can Nitrogen Be Processed 
luto Nitrogen Fertilizer 


Ht In tuet cary to process free nitrogen in air into nitrogen 


CooiMiees Welooe this century, quite a number of scientists and 
cHpiieetn cached their brains in research, but even then, they 
wire toot able to find a feasible way for solving this problem. 
Hh wie not before sixty years ago, a German chemist by the 


name of Tabor successfully carried out a reaction of nitrogen 
with hydrogen which formed ammonia (NH3), thus developing 
the production of nitrogen fertilizer. This is so-called synthetic 
anmmonia industry which occupies an important position in 
chemical production. 

The chemical reaction of synthetic ammonia with nitrogen 
and hydrogen equals: 

Not3H, ——> 2NH3 

Ammonia solutes easily in water and obtains liquid am- 
monia which is a kind of liquid ammonia fertilizer commonly 
used and welcomed by customers. Furthermore, ammonium 
sulphate fertilizer commonly used in rural area is a kind of 
white solid of ammonium sulphate [(NH,)2SO,] resulted by 
the reaction of ammonia with sulphuric acid (H»SO,); the am- 
monium hydrogen carbonate in common use is also called “gas 
fertilizer”. It is a kind of while solid of ammonium hydrogen 
carbonate (NH,HCQO3) produced by the reaction of ammonia 
with carbon dioxide and water. Urca [CO(NHp)9], well known 
for its high nitrogen content is produced also by the reaction 
of ammonia and carbon dioxide under certain pressure and 
temperature. Though ammonia smells bad, it is very much 
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appreciated in producing chemical fertilizer. Besides, hydrogen 
can also be used to produce nitric acid, explosives, liquid am- 
monia is used as refrigerant (Fig. 30). 
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Fig. 30 Utilizution of synthetic ammonia 


The chemical reaction of nitrogen and hydrogen produc- 
ing synthetic ammonia cannot be easily accomplished. High 
pressure, high temperature and also catalysts have to be adopt- 
ed to speed up the chemical reaction. This restricted the de- 
velopment of production. Is there a way to process nitrogen 
into ammonia under normal temperature and pressure? This 
is a task which scientists are mostly interested in. People find 
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that, in nature there are varietics of nitrogen fixation bacteria 
which are able to process nitrogen in air into ammonia under 
normal temperature and pressure, this is called biological 
nitrogen fixation. It is estimated that nitrogen for biological 
nitrogen fixation on earth annually amounts to 175 million tons 
which is over 4 times of the industrial production. A great 
Cuusc can even be done by a small bactcria, that is the reason 
why scientists take nitrogen fixation bacteria as a teacher. Nev- 
ertheless, this teacher can neither speak nor write. It cannot 
teach positively, but can wait for people to imitate and study. 
People made great progress in this study. Best wishes to the 
scientists for their success in the imitation of biological nitrogen 
fixation. 
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CHAPTER V 


THE FLYING OF AIRCRAFTS 
IN AIR 


The imitation of biology didn’t start from nitrogen fixa- 
tion in science and technology. In history, many successcs 
obtained started from the imitation of biology. Aircraft is one 
of the examples. 


From Flying Birds to Aircraft 


Everyone has their own childhood full of fantasies. At 
that time, when you saw a bird flying freely in the sky, perhaps 
you had been imagining how intcrest it would be if one day 
someone might grow a pair of wings to fly casily in the blue 
sky. Not only children, even the grown up authors and poets 
symbolize petrel, eagle as the image of liberty. [In the early 
days our ancestors who loved science and technology made 
instruments imitating the flying birds. 

As early as two thousand years ago, a famous craftsman in 
China called Lu Ban had used bamboo to manufacture wooden 
bird wHich can fly. Later on, during Wang Mang period of 
West Han dynasty (7 — 23 A.D.), someone tied feathers of big 
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Nolen do their body as wings and flew for several hundred steps. 
Ili. could be Known as the first try of mankind for flying. 

li 1783 two French brothers invented hot air balloons 
which wccnded to a thousand meters. This is because hot air 
bs Wyeliter than cold air and possesses buoyancy in air. But when 
(hh ait ts cooled, air density inside and outside the balloon be- 
came the same, thus causing it to descend. 

Later an interest event happened in Paris of France. One 
day, Professor Shar made a big balloon. After filling with a 
kind of gas, it flew automatically up into the sky. Some time 
luter, the balloon landed near Paris (Fig. 31). People there were 
greatly frightened by this big monster dropped from hcaven. 
They prayed for God's blessing but nobody dared to go near 
it. Finally, a brave young man shot at this monster with a pis- 


Fig. 31 The balloon landing near Paris 
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tol. The gas was let out. This was the first balloon filled with 
hydrogen. 

After the appearance of balloon, airship (Fig. 32) which 
can be used as a kind of flying instrument was made through 
repeatedly renovations. This airship cquipped with engine, 
propeller, rudder was ablc to lift vertically, fly at a same level 
and stop in the air by manual operation. But its speed was low 
and the airship was easy to have accidents owing to gas leakage 
and explosive. 


Fig. 32 An airship 


The first real aircraft was made in 1903 through the in- 
spiration of further studying the wings of flying birds and 
kites. The properties and structure of aircrafts have been great- 
ly developed in the last decades. Aircrafts have becn changed 
from -propeller to jet; specd from scveral hundred kilometers 
per hour to supersonic; from manual operation to radio 
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control; from aluminium aircraft to heat resistant all titanium 
aircraft. A great variety of new aircrafts emerge constantly 
(Fig. 33). At present, space shuttles which rush through the 
atmosphere already exist. 

Now let’s see how air helps the aircrafts to fly. 


Fig. 33 Various kinds of aircrafts 


Why Can Aircraft Shoot into the Sky 


Differs from balloons and airships, aircrafts fly into the 
sky without depending on the filling of lighter gas for obtain- 
ing air buoyancy. Similar to bird, aircrafts have their own 
wings, but it differs in the way of flying with birds without 
flapping of the wings. 

In order to describe the principle of the lifting of aircrafts, 
let's first have a talk on sprayer which everybody is familiar 
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with. A simple sprayer (Fig. 34) consists of two parts, a ver- 
tical and an horizontal thin tube. When you give a hard blow 
at the horizontal end, gas will be sprayed out at a great speed. 
This is because when flow rate is smaller than sound speed, 
the larger the flow rate the smaller the pressure. Thus, air 
pressure at the upper top of the vertical thin tube will be lower. 
The low pressure will cause the rapid rising of liquid surface. 
Owing to the impact of airflow, liquid cntering the upper top 
will be atomized und sprayed. Cylinder type sprayer uses piston 
instead of mouth blowing, but its principle is quite the same. 


Fig. 34 A simple sprayer 


The lifting of aircraft is based on the different air flow- 
rates above and beneath the wings which causes the upward 
pressure larger than the downward pressure. How can the flow- 
rate above and beneath the wings differ? This is much related 
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to the profile of the wings (Fig. 35). The wing of an aircraft is 
straight underneath, arched on the upper side, round in the 
front and sharp at the rear. ‘Therefore, during flying the head- 
on airflow will flow separately from the upper and lower part 
of the wings and then join together at the rear side of the 
wings. But, as the airflow follows a curve way at the upper 
side, a straight way at the lower side and has to join simul- 
taneously at the back. Air at the upper part runs faster than 
the lower, thus, the flowrate has to be larger. The larger the 
flowrate the lower the pressure, thus causing the air pressure 
beneath the wings larger than the upper. The shooting of air- 
craft into the sky is created by the upward force which is larger 
than the downward force. This upward force which aircraft 
bears is called hold up force or lift. 

Aircraft needs to overcome air resistance to move forward. 
This has to be accomplished by the engine. A jet engine is a 
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Fig. 35 The principle of the flying of aircraft 
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long cylinder, air enters into the compressor from the front 
entrance successively while flying. Compressed air will then 
enter into the combustion chamhbcr. Fuel will combust during 
air compressing thus causing the gas to expand acutely, and 
eject at a high speed from the rear ejection tube. The larger 
the backward ejection force, the larger the frontward reacting 
force of air to aircraft. Aircraft moving forward depends on 
this reacting force to overcome the resistance of air. 

So, it is clear that no matter whether aircraft lifts or goes 
forward, it cannot be accomplished without the support and 
assistance of air. This kind of support and assistance comes 
from the collective strength of oxygen, nitrogen or rare gas 
respectively. 

Quite a lot of things depend on the help of the air family. 
The widespreading application of compressed air in industrial 
production, transportation etc. bring us many conveniences. 
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CHAPTER VI 


THE MAGICAL EFFECT OF 
COMPRESSED AIR 


Air consists of quite a number of oxygen molecules, nitro- 
gen molecules as well as some other gas molecules. The dis- 
tance between these molecules remains constant in air under 
certain temperature and pressure, ‘Therefore, the number of 
molecules is constant in per unit volume. Usually when we 
talk about common air, if refers to aie Under normal tempore 
ture and normal pressure. ‘The pressure ds approximately | 
atmosphere. If we adopt compress method and comprean com 
mon uir from a vessel containing two litres into ou one Litre ves 
sel. It is obvious that the molecules in compressed air is move 
concentrated. The number of molecules per unit volume doub- 
led (Fig. 39). 


Ordinary air 


Fig. 36 Normal air and compressed air 
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Air molecules aren’t stable in the vessel. They always 
dash around madly. The impact of air molecules to the wall 
of the vessel cause the formation of air pressure to the wall. 
The more the number of molecules, impacting the wall per 
unit area, the larger the pressure. Certainly, compressed air 
where molecules are concentrated possesses larger pressure than 
common air. That features compressed air. For a cylinder 
with a piston in it, if compressed air is filled from the left and 
common air from the right, then the pressure born by the left 
side of the piston is higher than the right. The piston will be 
pushed by the compressed air to the right (Fig. 37). Why cannot 
we obtain power by compressed air in this way? This is the 
secret of the application of compressed air. 


Compressed air Ordinary air 
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Fig. 37 Compressed air pushes the piston 


How Does Air Pick Work in Coal Mining 


Perhaps you have scen coal miners operating air picks (Fig. 
38) either from the movies or photos. The word air here rc- 
fers to compressed air. There is a cylinder with a movable pis- 
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Fig. 38 Coal miner operating air pick 


ton in the air pick. Compressed air centers the air pick through 
a rubber tube, and takes turns flowing into the front and rear 
end of the cylinder through the help of a sliding valve but do 
not flow dircctly into the cylinder. The piston moves forward 
when compressed air enters the rear end and moves backward 
when enters the front. In this way, owing to the continuous 
and rapid front and backward movement of the piston in the 
cylinder, the bit in front of it moves forward and backward 
continuously and rapidly (Fig. 39). Thus excavation can be 
accomplished by the repeatedly percussion of bit to the coal 
surface. 
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Fig. 39 The structure of air pick 


According to the views nowadays, air pick for coal mining 
is really not a new technology, but in comparison with the old 
manual mining method, it greatly decreased the labour intensity 
of mincrs and increased the excavation efficiency. 

Pneumatic tools similar to the air pick are riveting guns, 
air-hammers for forging, air drills for drilling. 


Air-jet Weaving Without Shuttle 


[t is not difficult to understand the principle of applying 
compressed air to pneumatic tools such as air picks, air drills, 
air hammers ctc. But you might feel surprised if somebody 
tells you that compressed air can be used for weaving. Since 
the old days, shuttle with yarn has becn used to go through 
warp for weaving. How can weaving be done without shuttle? 

In fact, this is not difficult to understand. The above- 
mentioned fire extinguisher injects high pressure carbon dioxide 
gases which brings on the ejection of liquid. Compressed air 
is a kind of air with high pressure, and can form a strong air- 
flow when cjecting. This strong airflow can be used for shot 
blasting to clear away rust on stccl plates, for spraying paint 
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on automobiles, doors and windows (Fig. 40). Why cannot air- 
ict be used for weaving? . 

Cloth which we normally wear comcs from yarn weaving. 
The transverse yarn is called weft and the vertical yarn is 
called warp. 


Fig. 40 Spraying oaint 


The warp is arranged in two layers up and down tightly 
and neatly on the weaving machine. The two warp layers 
mutually exchange their positions after the weft passes through. 
The upper into the lower, the lower to the upper. Then the 
weft passcs through again reversely. Weft passes in this way 
between the two warp layers and cloth are then produced. 

In a common weaving machine, shuttle is used to bring 
the warp through. This means that shuttle is used to go be- 


63 


tween the warp. The so-called air-jet weaving is using the ejec- 
tion of high speed airflow instead of shuttle to accomplish the 
job. So the scene of shuttle working back and forth cannot be 
found in this case. Compressed air ejects through a special 
nozzle and forms airflow, which will draw the weft coming 
out of the bobbin at the nozzle and pass it between the two 
warp layers. This kind of weaving method is of high speed, 
high quality. It greatly reduces the noise of the workshop and 
obviously increases efficiency. 


Hovercraft Which Bears Bumping 


Have you ever heard about hovercraft? It is a kind of 
transportation instrument which uscs compressed air instead 
of wheels. Automobiles which we normally use have wheels 
und runs steadily on a smooth road. But it bumps and swings 
along a rough road and makes the passengers very uncomfort- 
able. It will even bog down, while crossing a marshland. 
Train seems quite stable, but railway track has to be laid for 
its wheels to run on, This needs quite a great amount of man 
power and materials. lflovercraft: needs neither wheels nor 
railway tracks, moreover it runs smoothly (Fig. 41). 

High speed rotating fans and some air nozzles are equip- 
ped underneath the hovercraft. A compressed air cushion will 
be formed underneath the hovercraft when air is ejected 
through the nozzles. The pressure of compressed air un- 
derneath the hovercraft will certainly be higher than that of 
the comimon air above it. So the body will suspend owing to 
the upward pressure it bears. This hovercraft is able to run 
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Fig. 41 Hovercraft 


over the bumpy road without tossing, it can easily cross the 
muddy marshland, it can overcome the [frictional force between 
the wheel and the road, therefore power can be saved. 

There are quite a lot of other usages for compressed. air. 
For instance, the application of compressed air in diving opera- 
tions for drain off water and keep off water, in aircraft for fuel 
(ransportation, in trains and automobiles for braking, in bu:es 
and trolleybuses for opening the doors etc. 

From the abovementioned, we can clearly see that air, 
no matter its individual members (oxygen, nitrogen and various 
rare gases) or the whole family itself has contributed greatly 
to us. Naturally, we ought to double treasure air who is our 
fully deserved close fricnd. Nevertheless, pcople often forget 
this in developing indusiry and increasing production, thus 
causing serious air pollution in certain areas. To eliminate 
pollution and protect air is the most pressing task confronting 
us. 
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CHAPTER VII 


ELIMINATE POLLUTION, 
PROTECT AIR 


How can we eliminate air pollution? This is just like a 
doctor inspecting a patient. First of all, he needs to know the 
patient’s condition, investigates the cause of disease, only then, 
can he prescribe right medicine for the case. 


What Causes Air Pollution 


If someone asks you: Is sky blue? You will surely think 
the question is very ridiculous. Even children in kindergar- 
‘dens will definitely tell you that the sky is blue. But, why did 
pupils in a certain area of Japan painted grey sky in their 
drawngs few years ago? This is because what they saw every 
day is the grey sky. Owing to serious air pollution, people 
living in industrial cities or industrial areas can hardly see the 
blue sky. 

Air pollution is mainly caused by waste gas emitted from 
plant stacks, exhaust from automobiles and other means of 
transportation as well as from other industrial production (Fig. 
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42). Waste gas includes flue dust, carbon monoxide, carbon 
dioxide, sulphur dioxide, carbon hydride, nitrogen oxide etc. 
(Fig. 43). The total amount of such waste gas emitted world- 
wide can possible be over 600 million tons per year. 


Plant waste gas 


Automobile exhaust 


Combusted waste gas 


Fig. 42 The three main sources for air pollution 


The combustion of coal is the main reason causing air 
pollution in the early days. Britain, which has an early history 
in developing industry, issued an announcement in 1306 for- 
bidding London craftsmen and manufacturers to burn coal 
when Parliament is in session. A book published in Britain 
writes: ‘“The tired visitors smell bad odor several miles away 
from London before seeing its roads. This is because smoke 
from burning coal which polluted the good reputation of this 
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Fig. 43 The main pollutant of air 


city”. It is cstimated that the pollutant emitted by an industrial 
furnace in burning one ton of coal consists 30 kg of sulphur 
dioxide, 1.4 ke of carbon monoxide, 9 kg of carbon dioxide 
and fluc dust as much as 50 kg (Fig. 44). 

Pollution caused by the combustion of gasoline seems very 
conspicuous in light with the increase of the number of auto- 
mobiles. It is estimated, the total number of automobiles 
worldwide at present is more (han 200 million, carbon mon- 
OXide cmitted annually reached 200 million tons. Besides, a 


large number of pollutants such as hydrocarbon, nitrogen 
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Fig. 44 Pollutant by burning one ton coal 


oxide, lead compound as well as fltie dust are emitted (Fip. 45). 
60% of the air pollutant in U.S. comes from automobile waste 
gas. 

What is the harm of these pollutants to mankind? Let's 
take flue dust as an examnie, it often contains a certain nun 
ber of harmful metal elements and carcinogen substunce. Sul- 
phur dioxide however is a kind of gas with irritant stink and 
would cause respiratory system disease. London mist accident 
happened in 1952 causing the death of 4000 people was be- 
cause of the high concentration of sulphur dioxide und flue 
dust in air. Although carbon dioxide doesn't harm human body 
directly, its increase will influence the changes of climate. 
Some people believe weather tends to get warmer in recen! 
years has something to do with il. The toxicity of carbon mon- 
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Fig. 45 Pollutant exhausted by automobile 


oxide is well known, isn’t gas poisoning caused by carbon mon- 
oxide? Carbon monoxide might destroy the funciion of 
blood carrying oxygen, and will even lead to death in serious 
conditions. As to hydrocarbon and nitrogen oxide, besides the 
toxicity they possesses, mutual reaction among themselves while 
mixing and under strong sunlight forms photochemical flue 
dust which is even more poisonous. A photochemical flue dust 
accident once happened in Los Angeles, U.S.A. caused 
the poisoning of several hundred people. Someone had con- 
centrated the flue dust and applied it on a mouse’s skin. It 
was found the mouse contracted skin cancer. The poison of 
other air pollutants will not all be mentioned here. The above- 
mentioned fully illustrated air pollution is greatly endangering 
mankind. 
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Air pollution is only a part of environmental pollution. 
Water pollution has also created remarkable harm; furthermore, 
solid waste, garbage and noise also bring unfavourable in- 
fluence to our daily life. Facing reality, what shall we do? 


Purify the Air Surrounding Us 


Since we are clearly aware of the reasons of air pollu- 
tion, the next step is how to prescribe the right medicine to 
solve the problem. 

In which way can we bring sulphur dioxide under con- 
trol? We can, for instance recover it from the waste gas, and 
process it into sulphuric acid through chemical treatment. In 
this way we both control pollution of the waste gas and in- 
crease the production of sulphuric acid. 

Are there any measures in harnessing carbon dioxide? 
Carbon dioxide is regarded as waste gas in certain plants, but 
it is the necessary raw material in some other plants such as 
urea plants, sodium carbonate products etc. Why don’t we 
combine those two kinds of plants to settle the problems of 
pollution and the supply of raw material? There are two 
plants in. Shanghai which works like this. Waste carbon 
dioxide gas from a synthetic ammonia workshop of one plant 
is transported to a nearby pharmaceutical plant for producing 
salicylic acid. So carbon dioxide became very useful as a 
waste (Fig. 46). 

Are there any good ways for curing flue dust? There are 
two ways. One way is to look for measures in climinating 
the flue dust, The other is to use other fuel to substitute coal. 
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“ig. 46 Waste gas front a plant becomes ruw 
material for another plant 


There are quite a number of plants in China which obtained 
good results in eliminating fluc dust. 

Waste gas of which we have discussed above are cither 
wastc gas emission from technological process or from stacks 
after the combustion of fuel. Although the amount of this 
kind of waste gas is rather substantial, but it is quite concen- 
trated. The location of emission is fixcd, thus easier to adopt 
measures. It is quite difficult to harness the pollution of au- 
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tomobile which runs around at all places and poisons every- 
where. Measures which can be adopted are to improve the 
quality of fuel, to reform the structure and outfit of automo- 
biles, to treat waste gas in the automobile as well as to adopt 
non-pollution fuel after combustion. 

In recent years, the most remarkable way of harnessing 
is to let the waste gas pass through a zone of catalyst for elim- 
inating most part of poisonous gas before exhausting. There 
is a kind of a very effective catalyst which is capable to add 
oxygen to the poisonous carbon monoxide thus forming non- 
poisonous carbon dioxide. The catalyst is also capable to re- 
move the oxygen from nitrogen oxide to form nitrogen. A test 
done by someone in Japan showed that if a catalyst of ferrous 
oxide is fixed in the exhaust pipe, the amount of the kind 
of gas like nitropen oxide will reduce by 90° in the exhausted 
waste gas. 

Nothing in the world is difficult for one who sets his mind 
on it. We are convinced that, through the unremitting efforts 
made by scientists, air surrounding us will surely become 
cleancr! 
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CHAPTER VIIT 
WATER IN NATURE 


If we take air as our closcly associated friend, besides it, 
water can be considered as another close friend to mankind. 
Do you know, the weight of water in a human body occupies 
over 70%. It is foreseen that human life cannot exist without 
water. The importance of water is not merely of the above- 
mentioned reason. Water is the cssential element for the exist- 
ance of animals and plants and plays an outstanding role in 
social production, If there is no water, there would be no 
steam locomotives, no food, no chemical and light industry 
production can be carried out. Electricity cannot be gencrat- 
ed without water, so is steelmaking. 200 tons of cooling water 
is required for making onc ton of stccl; 300 tons of industrial 
water is required for the production of one ton of paper. The 
amount of water used in agriculture might be even more than 
in industry. So it is not excessive for mankind to call water 
as the cradle of life, the lifeblood of agriculture, the most pre- 
cious resource. How about the distribution of this precious re- 
source on carth? And how did mankind use it? 


Water Covers 3/4 of the Earth Surface 


Water covers 3/4 of the total area of the earth where we 
live. The total amount of watcr on earth calculated accord- 
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ing to volume occupies 1.36 billion cubic kilometers of which 
seawater covers 97%, glacier, ice and: snow of high mountains 
cover 2%. Rivers, lakes and underground water on tand cover 
merely 1%. Besides, a-smail amount of water in the atmosphere 
covers 0.001%. Thus it can be scen that most of the water 
in nature is in the sea. 

Though the amount of water greatly differs between ocean, 
land and atmosphere, but they form the three indispensable 
aspects for water to circulate in nature. It is estimated, about 
125,000 cubic kilometers of water evaporate from the oceans 
to the atmosphere annually. The water vapour in atmosphere 
changes into rain and snow while cooling, then it turns back 
to the land and flows into the rivers. Water in rivers absorhs 
some salt from soil and rocks while flowing, and flows along 
the direction of “lots of rivers flow info the ocean’, then 
returns to the occan. ; 

Worth mentioning is the evaporation of moisture from the 
eatth especially the evaporation of moisture from the ocean is 
beneficial for the readjustment of atmosphere temperature. ‘The 
evaporation of moisture is the process of changing water from 
liquid to gas. This process requires absorption of heat. About 
1/3 of the heat transmitted from the sun to earth is absorbed 
mainly by the evaporation of moisture from the occan, In 
this way, air temperature would not go up too high. If this 1/3 
of heat is not absorbed, temperature on the carth surface would 
be too high for us to live on. Certainly, too low temperature 
also bring difficulty for mankind to survive. ‘The temperature 
on the earth surface would drop obviously if too much heat 
from carth is given out to the outer space. Water vapour in 
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atmosphere obstructs the heat diffusion of the earth, cnabl- 
ing to maintain a certain temperature on earth. 

Another important reason which enables not very big 
changes of earth temperature is because that the specific heat 
of water is rather high. The so-called specific heat is the heat 
required by one gram of matter to rise one centigrade of temper- 
ature. Watcr absorbs heat not only when transforming from 
liquid to gas, but also from low temperature to higher temper- 
ature. This is why we need to heat water successively for 
‘turning it from cold to warm and then to boiling water. Rather 
high specific heat of water means the requirement of heat for 
one gram of water to rise one centigrade is quite ugh. For in- 
stance, the specific heat of water is 5 times higher in 
comparison with rock. ‘This means, for the same quality of 
rock and water, if they absorb the samme amount of heat, rock 
will have a temperature increase of 50°C, but water only 10°C 
On the contrary, if rock and water lose the sarne amount of 
heat, rock will have a temperature decrease of 50°C, but water 
only 10°C. When sun shines on earth by daylight, water, 
mainly seawater is able to absorb a great amount of sunhear, 
so that the earth temperature, especially the temperature near 
scaside would not be that high. At night, heat distributed by 
scuwater enables the temperature would not to be too low. 
This is the churacteristic of maritime climate of which air tem- 
perature doesn’t change very much. As for inland areas which 
is far from the seas and oceans with only rocks and soil, sud- 
den cold or warm will occur. This is called continental cli- 
mate. Because there are rocks cverywhere on the moon, so 
the temperature there can reach 123°C and drop to -132°C. The 
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difference in temperature {to one’s surprise might reaches 
270°C. Evidently, sea and ocean greatly assist us in living at 
a suitable environment on carth. 


Ocean — A Treasure-house for Mankind 


Occan not only plays an important role in climate adjust- 
ment, but also brings us abundant treasurcs. 

Differs from the water of river, well and spring, seawater 
tastes salty and bitter. This is because it contains about 3.5% 
of salt, some even reaches 4.2%. 

There are quite a number of varictics of salt in scawater, 
of which sodium chloride (NaCl) is the most. Besides, there 
arc magnesium chloride (MgCl), potassium chloride (KCI), 
sodium bromide (NaBr), magnesium sulphate (MgSO,) ete. 
The total amount of salt could reach 5,000,000 billion tons. 

Talking about clements, about 2/3 of the elements among 
the 107 we know can be found in seawater. Besides chlorine 
and sodium which are the highest, the content of magnesium, 
sulphur, calcium, postassium, strontium and lithium is also 
considerable (Fig. 47). 

Magnesium is an indispensable material for aircraft, aut- 
omobile and flare bomb. Magncsium in seawater amounts to 
1,767,000 billion tons. If 100 million tons of magnesium from 
seawater is extracted every year, after a million years the mag- 
nesium content will drop merely from 0.13% to 0.12%. About 
60% of the magnesium output comes from seawater. World 
output of noble metal — gold, is just over one thousand tons 
‘annually, it indeed can be recognized as the most precious thing 
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rig. 47 The main elements in seawater 


because of its scarcity. But gold content in seawater is not 
rare, it contains 5.5 million tons. If all of the gold in seawater 
is extracted and piled together it will be about 300,000 cubic 
meters. Uranium is greatly needed for atomic bomb us well as 
for the development of nuclear power. Its consumption rises 
year by year However, the amount of uranium ore worthwhile 
mining on land is only 2 million tons. It is estimated that 
uranium ores will be depleted in 2000. But the uranium re- 
serves in seawater is 2000 times more than on land. It is about 
4 billion tons. Many countries have been carrying out studies 
and experiments concerning the extraction of uranium from 
seawater’ since 1956, and have obtained remarkable results. 
There are also quite a number of othcr metals in seawater 


78 


Kuch as copper, nickel, manganese, cobalt etc. Although its 
percentage coment te nol that high, but owing to the total 
wont ol seawater, the tolal amount of deposit is larger than 
on tine. 


Content of some elements in seawater (Hg/]) 


Mlement Content Element Content 
Chlorine 19,350,000 Phosphorus 88 
Sodium 10,770,000 Iodine 64 
Magnesium 1,290,000 Barium 21 
Sulphur 904,000 Indium 10 
Calcium 412,000 Molybdenum 10 
Potassium 391,000 Nickel 6.6 
Bromine 67,300 Zine . 4) 
Strontium 8,100 Uranium 3.3 
Boron 4,150 Vanadium 1.9 
Fluorine 1,300 Titanium 1 
Lithium 170 Aluminium 1 


1 gram = 1,000,000 pe 

The abovementioned is restricted only on resources in 
seawater. There are also abundant resources in the scabed 
under the seawatcr. Besides metals, the reserves of petroleum 
and natural gas are also abundant. Furthermore, there are over 
160,000 kinds of various living beings including sca animals 
and sea plants. They look bright and colourful and made the 
ocean a beautiful world with their thousands of varictics of 
postures (Fig. 48). 
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Fig. 48 Sea niants 


Water in Rivers and Lakes 


Though seawater contains so rich resources of minerals 
and living beings, if is not suitable for the usage of mankind 
in daily life and production. It is also dilficult to obtain water 
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from glacier, ice and snow from high mountains and deep 
underground water on earth. So, rivers and lakes are the main 
sources of supply of water for mankind. 

The salt content in rivers is much lower than in the sca 
and oceun, the main salt content in river is calcium salt (cal- 
cium curbonate), unlike scawater which mainly contains so- 
dium salt (sodium chloride). Scientists believe that this is be- 
cause the formation of shells (consist of calcium carbonate) of 
the large amount of shell fish in oceans consumed large quan 
tities of calcium. Besides calcium salt, river water contulon 
also chloride, sulphate and carbonate of various metala such 
us sodium, magnesium, potassium, algmiodum, tran ety, an 
well as organic matters and gusew suluble In water, The kind 
and content of impurities in tlvore dfforw ln aevordance with 
rocks and soil of different areas through whlel oliver coun 
through. 

The circumstances of lakes diller from river. batt con 
tent in fresh water lake differs from salt water Juke.  tahes 
on high mountains are converged by rain and snow, thelr nal 
content is only 0.01%; but the salt conlent of salt water lakes 
is normally between 2~3%. Salt content of some lakes is even 
higher than scawater. 

The most noticeable one among the high salt content 
lakes is Dead Sea. It is located at the west part of Asia with 
an areca of about one thousand square kilometers. 

While talking about lakes, people will surely call to mind 
those plenty of lands with beautiful sceneries in China such 
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as Dongting Lake, Boyang Lake. But you cannot find any fish 
in the Dead Sea, nor onc picce of sca plant. Even on the 
shore surrounding it cannot grow a blade of grass. No fish 
in the water, no rice growing on the shore, nor can you begin 
to talk about plenty of lands. It is not only without living be- 
ings that makcs Dead Sea peculiar. It was told that once there 
happened an admiring story. Once upon a time, a Roman gen- 
eral determined to put to death several slaves he captured while 
passing there with his soldiers. He ordered his subordinates 
to have the slaves in bonds and shackles and then to throw 
them into the lake. But to their surprise instead of sinking, 
the slaves were pushed by the waves to shore. This greatly 
frightened everyone, so was the general who thought that it 
was the spirits in the Dead Sea who blessed those slaves. So, 
daring not to negicct, he immediatcly ordered to set free the cap- 
tured slaves. 

Is there really any spirits in the Dead Sea? Of course 
not. But is the story compiled without any background? Also 
certainly not. Even now, the Dead Sea remains the same, visi- 
tors can lic on the surface reading newspapers, books without 
sinking (Fig. 49). 

In fact, this phenomenon isn’t strange. The rcason why 
people won’t sink in the Dead Sea is because of the high salt 
content in water. This is the same principle that normally egg 
sinks in clear water but floats in dense salt water (Fig. 50). 
‘When a certain amount of salt is solved in water, the density 
i.e. quality per unit volume will be increased. In physics, the 


82 


famous Avgimid principle showcd us, when an object sank in 
liquid, the buoyancy it bears. equals to the weight of the part 
of liquid it removed. If the density of the object ts larger than 
the liquid, then it will sink, if smaller than the liquid, it will 


Fig. 49 Man iying on the Dead Sea will not sink 


float. The density of pure water is about 1 g/cm°, and will 
increase as the salt content in water increased. The salt 
content in Dead Sea is about 25%, 7~8 times more than sea- 
water. Its density is over 1.172 g/cm®. Density of a human body 
is about 1.05~1.09 g/cm?, greater than the density of common 
natural water ({~1.03 g/cm’), but smaller than that of the 
Dead Sca. So, even those who cannot swim, don’t need to 
worry when lying on the Dead Seca. 

The density differs not only between pure water and 
salted water, but the density will also change notably while 
pure water freezes. The feature of this change is that, when 
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Clear water Thick salt water 


Fig. 50 The sink and float of an egg 


freezing, the volume of water increases instead of shrinking 
and the density becomes smaller instead of larger. This turns 
Out just contrary to the heat expansion and cold shrink prin- 
ciple of common matters. Owing to the abovementioned, ice 
is able to float on the water surface instead of sinking. Frozen 
water in a glass will break the glass. But why the density of 
ice is smaller than water? We must investigate the difference 
between the structures of ice and water. 
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CHAPTER IX 


THE SPECIAL CHARACTERISTICS 
OF WATER 


When studying the properties of matter, people often use 
to try to seek reasons from its structure. This is the scientific 
way summarized by years of experience. Since the last two 
hundred years, scientists have always been paying close at- 
tention to the study of the constituent and structure of water, 
on which they have spend most of their endeavors. Even be- 
fore late 18th century, people still considered water as one ele- 
ment, instead of a compound consisting of two elements. By 
experiments, Karwendish showed burning hydrogen in air 
produces water in 1781. Scveral years later Lavash deter- 
mined the weight constitucnt of the two elements hydrogen 
and oxygen in water, but not accurate. In 1803, Dordon posed 
atomic theory and considered water consists of two kinds 
of atoms, hydrogen and oxygen. He didn’t pose the concept 
of molecules and misidentificd that the ratio of hydrogen and 
oxygen atoms in water is 1:1. Afgadro posed the molecule 
theory in which he distinguished molecule and atom in 1811. 
He pointed out water as a matter consists of water molecule, 
and water molecule consists two kinds of atoms, hydrogen and 
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oxvyen. Through experiments, he correctly determined the 
proportion ratio of hydrogen to oxygen is 2:1, the molecular 
formula of water is H.O. At present, electrowinning experi- 
ments of water can be used to accurately illustrate this scien- 
tific conclusion which was not easy to achieve. 


Water Decomposition by Electrifying 


The so-called wuter electrowinning is the decomposition 
of water to hydrogen and oxygen by electrifying. ‘The ratio of 
the number of atoms of hydrogen to oxygen is determined by 
the volume ratio of the two gascs produced during de- 
composition. 

Figure 5{ shows an apparatus which is able to decompose 
water by electrifying. First, take off the sioppers on both 
sides of the glass tube and fill water from the middle funnel, 
(some suphuric acid or sodium hydroxide solution is added 
to speed up the reaction) till the glass tubes on both sides 
are full. Put back the stoppers and connect the two electrodes 
with direct current, gas bubbles will immediately emerge on 
the electrodes and will be concentrated at the upper part of 
the two glass tubes. The volume of gus in one tube is twice 
as much as the other. Through cxamination, we’ll find the 
smaller volume is oxygen, the larger one is hydrogen. 

The abovementioned expcriments proved that the volume 
ratio of hydrogen to oxygen through electrifying is 2:1. Con- 
sidering the gas density of hydrogen is 0.09 g/l and oxygen 
1.429 9/1, it can be calculated that the quality ratio of hydrogen 
to oxygen is 1:8. 
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Fig. 51 
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Becuuse we know atomic weight of hydrogen is 1, oxygen 
is 16, therefore quantity ratio of hydrogen to oxygen atom in 
water molecule is 2:1. 

quantity of hydrogen atom t+!  f 2. 
quantity of oxygen atom ~ 8+16 7 0.5 7 1 

According to the results of the experiments, the molecule 
weight of walter is 18, it can be determined that cach water 
“molecule consists of 2 hydrogen atoms and one oxygen atom. 
The molecular formula should be HO. 

Not only water has its fixed composition, expcriments 
showed that all pure substances have their fixed composition. 
This is the famous definite composition principle. 

Atoms not only have a fixed amount in composing mol- 
ecule, but also a cerlain structure i.c. a definite combination 
form and angle. Hydrogen molecule and oxygen molecule 
consist dual atoms and are of reclilincar structure, but water 
molecule is not of rectilinear shape. Scientific experiments 
showed that water molecule is of angle shape of 104.5° (Fig. 
52). Vhe chemical reaction of water electrowinning is shown 
in schematic drawing Fig. 53. 

Its chemical reaction formula equals 


2H OMetrilying a, Ont 

After we are clear of the composition and structure of 
water molecule, how can we explain water’s special charactcr- 
istic which violates the principle of “Expansion while heat- 
ing, shrink while cooling’? 
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Fig. 52 The structure of water molecule 
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Fig. 53 The decomposition of water 


Water Volume Increases While Freezing 


Normally, the density of common liquid increases with 
volume decrease as tempcrature decreases. But the density of 
walter turns to be the maximum (1 g/cm") at 4°C and will 
decrease as volume increases accordingly with the further 
decrease of temperature. Water freezes at O°C and its density 
will drop to 0.9168 g/cm®. The remarkable changes of density 
causes a 1/10 increase of volume for water while freczing. 
So, that is why ice floats freely on rivers. 
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Why does density reduces remarkably when liquid water 
changes to solid ice? This is because when the angle shape 
water molecule concentrates to form liquid or solid, it doesn’t 
pile up smoothly. There are different ways for molecules to 
‘combine. When water is in the form of liquid, it often hap- 
pens that only quite a few molccules connect with each other, 
but when water turns to ice with a definite geometric shape, 
it happens that quite a number of water molecules mutually 
connect together according to a certain angle, shown on figure 
54. From the figure you can sec that this is a kind of incom- 
pact structure. So, when water freezes, its density will de- 
crease and volume will increase. 


Fig. 54 The structure of ice 


Owing to this angle shape structure of water molecule 
and the‘mutual combination function among themselves, a lot 
of heat will be necded to melt solid ice or to boil liquid water. 
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Water's melting point and boiling point are all rather high. 
This is another characteristic of water. 


Water Freezes at O°C and Boils at 100°C 


Comparatively speaking, melting point and boiling point 
of water are high. Melting point and boiling point of sub- 
stances with similar chemical structures, normally increase as 
the molecule amount increases. But water is an exception. 
The chemical structure of water is similar to the structure of 
hydrogen sulphide (H,S). The molecular weight of hydrogen 
sulphide is 34, larger than water (18). According to general 
law, melting point and boiling point of hydrogen sulphide 
should be higher. But facts show the contrary, melting point 
of water is 0°C, hydrogen sulphide -85.5°C, the boiling point of 
water is 100°C, hydrogen sulphide -60.3°C. The reason of 
this unusual phenomenon is that the combination function 
among watcr molecule is even stronger than among hydrogen 
sulphide. 

But, why does water freeze at O°C and boil at 100°C 
(Fig. 55)? We have to begin the story from the vapour 
pressure of water. It is well known that water not only turns to 
gas while boiling, but also gusifies while evaporating. Water 
in an uncovered cup will evaporate several days later. Where 
does it go? It has turned to vapour and escaped into the air. 
Things will be different if water is put into a sealed vessel. 
Needless to say several days, even several months water in 
the vessel will not evaporate. This is because, in such a case, 
the vapour evaporated can’t escape, but dashes along the limited 
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space above the water. Gasificd water molecule will impact 
with each other on the wall of the vessel. There might be a 
certain portion which will impact the water surface and return 
back to liquid. 


§ 
t b 
o°c 100"C 


Fig. 55 The melting point and boiling 
point of water 


Two procedures are carrying out in the sealed vessel, first 
is the evaporation of water to vapour, second is the condensa- 
tion of vapour to water shown in Fig. 56. At the beginning, 
the evaporation amount is larger than the condensation amount. 
Luter, the condensation rate will speed up and the evaporation 
rate will slow down gradually in accordance with the more and 
more vapour molecule on the wzler surface. Finaily, the evap- 
oration rate happens to be the same with the condensation 
rate. At this time, though evaporation and condensation are 
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carrying on, the amount of liquid will no more decrease, the 
amount of vapour will no more increase as well. An equilibrium 
state might then be obtained. Vapour in such an equilibrium 
state is called saturated vapour. Pressure created by the im- 
pact of this kind of saturated vapour to the wall of the vessel is 
called saturated vapour pressure, normally called vapour pres- 
sure, 


Fig. 56 Evaporation and condensation of liquid 


Vapour pressure will increase accordingly in accordance 
with the incrcase of temperature. This is because the ecvapora- 
tion of liquid is a procedure of heat absorption. The incrcase of 
temperature gives benefit to the absorption of heat, the same to 
evaporation. When the evaporation rate speeds up, the amount 
of vapour molecule per unit volume will increase. The kine- 
matic rate of vapour molecule will also speed up owing to the 
increase of temperature. The vapour pressure created by the 
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impact of vapour molecule to the wall of the vesscl will cer- 
tainly increase, because of the increasing amount of molcculcs 
and its increasing speed. . 

The increase of vapour pressure of water in accordance 
with the increase of tempcrature is shown as follow: 


Temperature 
(°C) 


| 

Vapour pressure _ 

(atmosphere 0.006 0.03 0.12 

pressure) | 
Cs Gee 


Liquids will boil when the vapour pressure increases to 
equal the outside pressure. This means the vapour pressure is 
sufficient to withstand the external pressure. The boiling tem- 
perature is called boiling point. As to water, the vapour pres- 
sure is one atmosphere pressure when the temperature increases 
to 100°C. This is the external pressure undcr normal casc. So, 
normally the boiling point of water is 100°C. 

It doesn’t mean that in all circumstances the boiling point 
of water is fixed to 100°C. The boiling point of water is only 
72°C at the peak of Mount Qomolongma. What is the reason 
(Fig. 57)? This is of course not owing to the increase of the 
vapour pressure of water at the peak. Vapour pressure of 
liquid will never change if the tempcrature is fixed. The reality 
is that the atmosphere pressure at thc peak is far lower than 
that on the plain. 
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It is well known that the atmosphere pressure differs at 
different altitudes on earth. It is only at the altitude near the 
sea level that the atmosphere pressure is one. The higher above 
the sea Ievel, the thinner the air content and the lower the at- 
mosphere pressure. The boiling point of water will decrease 
accordingly. According to experiments, it will be 90°C at an 
altitude of 3000 meters above sea level. The peak of Mount 
Qomolongma is the highest point on earth, with a height of 
8848 metcrs above sea level, watcr boils there at only 72°C. 
So, cooking is not casy to be done on high mountains. Even 
“boiling water” up there cannot make good tea. 


Fig. 57 At altitude of 8848 meters, the boiling 
point of water ts 72°C 
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Not only liquid possesses vapour pressure, solids which 
are able to evaporate possess also vapour pressure. Camphor 
balls in wardrobes will become smaller as time passes. In win- 
ter, wet clothes hanging outdoors will dry up even if they are 
frozen. The abovementioned shows that solids are also able 
to evaporate. 

The vapour pressure of solid is lower than liquid, but it 
increases in accordance with the increase of temperature. The 
vapour pressure ofice is similar to water at O°C and cquals 
to 0.006 atmosphere pressure. Water is able to cocxist with 
ice at this time. This temperature is the melting point of ice as 
well as the freezing point of water. So it is foreseen that the 
melting point (or freezing point) of a matter is the exact tem- 
perature at which the solid vapour pressure of this matter 
equals to the liquid vapour pressure. 

In conclusion, water boils at 100°C because the vapour 
pressure of water equals to the external atmosphere pressure 
(one atmosphere pressure) at 100°C; water freezes at O°C 
because the vapour pressure of water equals to the vapour pres- 
sure of ice at O°C. 

Besides water density changes unusually, the melting and 
boiling point of water are rather high, another special charac- 
teristic of water which people paid great attention to is its out- 
standing ability in dissolving matter. 


An Outstanding Solvent 


If we drop a spoon of salt into a glass of water, we will 
find the salt disappears gradually in water, this process is called 


dissolution. After the salt dissolves there still remains a glass 
of clear transparent liquid. This kind of liquid is called solu- 
tion. This kind of dissolved matter like salt is called solute. 
Matter which is capable of dissolving solute is called solvent. 
Solute is not restricted to be solid, liquid or gas can also be 
used as solute. Solvent is also not restricted to be water, al- 
cohol, gasoline, benzene, carbon tetrachloride etc. can also be 
used as solvent. 

Any solution, no matter with colour or colourless, is 
homogeneous, clear and transparent. The salt water you have 
seen, after the dissolution of salt in water is a kind of uniform 
liquid. You cannot distinguish which is sult and which is 
water. 

The outstanding ability of water as a solvent is it can dis- 
solve far more greater varicty of matters than any other sol- 
vents. People might cxaggerate a little bit when they describe 
water as an universal solvent, but take water as the most vast 
applicable solvent cannot be considered as overpraising. 

Though water is capable of dissolving a great variety of 
matters, various kinds of matters show different solubility in 
water. 

An experiment can be carried out as follows: add three 
different kinds of matters, 200 g of cane sugar, 40 g of salt, 
0.5 g of white lime into three glasses filled with 100 g of water 
each. After completed mixed, you will find the cane sugar 
which is the largest in quantity is wholly dissolved. The solu- 
tion is clear and transparent. Salt which is smaller in quantity 
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also mostly dissolves, but there is still a sinall undissolved 
part that remains at the bottom. White lime which is the small- 
est in quantity mostly undissolves. It shows that in same 
amount of water, the dissoluble quantity of various matters dif- 
fers. It is determined, at 25°C in 100g of water the maxi- 
mum dissoluble quantity of cane sugar is 210 g, salt 36 g, white 
lime only 0.12 g. 

Usually when we mention about the solubility of a certain | 
thatter it means the maximum dissoluble amount (g) of this 
matter in 100 g solvent under a certain temperature. As for 
gas, it is usually expressed as the maximum dissolved volume 
which is easier to calculate as gas per unit volume of solvent 
under a certain temperature. 

Because water is the most convenient and common solvent, 
therefore, when mentioning about solubility, it normally means 
the solubility in water. Notcs have to be made if other kinds 
of solvents such as alcohol, gasoline, benzene, ether, carbon 
tetrachloride etc. are uscd. 

Though the solubility of matters differs, there is no mat- 
ter in nature which is absolutely unsoluble. It seems that lime- 
stone (CaCOs) doesn’t dissolve in water, but actually its 
solubility in water is 0.0013 g. Normally when we say unsolu- 
ble matter, it means a matter with a solubility below 0.01 g. 
When the dissolution amount of a certain solute reaches the 
maximum in solvent, this solution is called saturated solution. 
Solution in which solute didn’t reach the maximum dissolution 
amount is called unsaturated solution. 
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Because the solute in solution is limited by its solubility, 
so when a kind of unsaturated solution turns to saturated solu- 
tion along with the constant evaporation of moisture, the con- 
centration of the solution will not increase if the solution 
further evaporates. Then, the oversaturated part of solute will 
lose their hiding place and will be forced to crystallize (Fig. 
58). The evaporation of brine in the sun to make salt ts the 
ulilization of this principle. 


Fig. 58 Crystal is precipitated by evaporation 


On the wide saltworks where the sky and sea links to- 
gether, brine is first conducted to a water storage pond (primary 
evaporating pond) for primary evaporation, -clarification, then 
it enters into the evaporation pond. Most of the moisture 
will be evaporated by sunshine and wind, thus forming con- 
centrated salt water; furthermore, salt water will enter the crys- 
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tallization pond through an adjustment pond, where it 
evaporates continuously and later precipitates crystallized salt. 
Then concentration can further be made to precipitate magne- 
sium chloride, sodium sulphate etc. besides salt in the re-evap- 


oration pond (Fig. 59). 


Fig. 59 A scene of salitwork 


CHAPTER X 
THE MYSTERY OF THE 
DISSOLUTION OF MATTER 
IN WATER 


Why does the solubility of different matters differs in 
water? And why is the solubility of some mattcrs low in water 
but high in other solvents? 


Similars Are Intersoluble 


While studying the dissolution properties of matters, chem- 
ists discovered iodine (dark purple solid, molecule formula 
Jz) is difficult to dissolve in water, but easy to dissolve in car- 
bon tetrachloride (colourless liquid, molecule formula CCl,) 
solvent. Why is iodine close to carbon tetrachloride but far 
from water? Through further studying the molecule structures 
of these three kinds of matter, we might find that they possess 
a certain regularity (Fig. 60). 

Two fully similar iodine atoms are mutually combined 
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with each other in an iodine molecule. The two nucleuses in 
the molecule have the same positive charge and electrons sur- 
rounding the two nucleuses also have the same negative charge. 
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Fig. 60 The molecule structure model 


In the view of molecule as a whole, the distribution of the 
positive and negative charges is even and symmetric. This kind 
of molecule is called non-polarized molecule. 

Though the number of carbon atoms and chlorine atoms 
differs in a carbon tetrachloride molecule, the molecule struc- 
ture is symmetric. The carbon atom is in the center position 
and the four chlorine atoms are distributed equidistancely 
around it. From the point of view of molecule as a whole, the 
distribution of the positive and negative charges are also even 
and symmetric, so this molecule also belongs to non-polarized 
molecule. 

. But the water molecule is different. The two hydrogen 
atoms located at one side of the oxygen atom form a certain 
angle. In the view of molecule as a whole, the distribution of 
the positive and negative charges is uncven. Because the at- 
traction of oxygen nucleus to the electron 1s strong, so the 
oxygen side displays negative and hydrogen side displays posi- 
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live in the molccule. It is likely that there exist both a posi- 
tive polar and negative polar in the molecule, this kind of 
molecule is called polarized molecule. 

It is thus obvious that iodine and carbon tetrachloride 
belongs to one family and are both non-polarized molecules. 
Their relation is quite close and is intersoluble. As for iodine 
and water, one belongs to non-polarized molecule, the other 
polarized molecule, they drift apart from each other and are 
not easy to dissolve. 

Through a number of experiments, chemists have proven 
that molecules of similar structures are intersoluble. This is so- 
called the principle of “similars are intersoluble’. This princi- 
ple shows that the dissolution property of mattcr relates to the 
structure and the polarity of molecule. The similars in struc- 
ture and polarity are intersoluble, on the contrary, it would be 
mutual unsoluble. 

The separation phenomenon between oil and water is ow- 
ing to the weak polarity of oil molecule and strong polarity of 
water molecule causing them difficult to dissolve mutually. 
Most of the organic molecule belongs to weak or non-polariz- 
ed molecule. Therefore, organic matter is normally dif- 
ficult to dissolve in water, but easy to dissolve in organic sol- 
vent. 

Why can ether (CoH,OC,H;), chloroform (CHCl,) cause 
general anaesthesia, and why does people laugn and later lose 
their consciousness after absorbing laughing gas (N2O colour- 
less gas)? This is because the abovementioned all belongs to 
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weak polarized matters which are casy to dissolve in nerve 
centre system of rich fat (weak polarized matter), while being 
absorbed by human body. 

Another interesting phenomenon is discovered while study- 
ing the dissolution process of mattcr in water. Some of the 
matters emit heat while dissolving, others absorb heat. What 
is the reason for this? 


The Expansion and Hydration 
of Solute Particles 


Heat absorption and emission phenomena are always ac- 
companied during the dissoiution process of matter. Put a beak- 
er which is filled with water on a piece of plank with water 
on its surface. Insert a thermometer in the beaker and then 
dissolve ammonium nitrate (NH,NO3) in the water. You will 
find the temperature drops gradually along with the constant 
dissolution of ammonium nitrate. If your hands touch the 
beaker, you can feel the cold. Even water on the plank might 
ireeze together with the beaker (Fig. 61). 

Insert also a thermometer and a small test tube with ether 
in another beaker filled with water. Then, use tweezers to put 
pieces of scdium hydrate into the water. You will find the 
temperature rises gradually with the constant dissolution of 
sodium hydrate even in a small test tube, your hands will feel 
the heat when touching the beaker (Fig. 61). 


104 


Fig. 61 Heat phenomenon of the dissolution 
of matter 


From the two experiments, you will find two different 
phenomena, one shows the process of heat absorption, during 
which cold might lead to freezing; the other heat emission dur- 
ing which heat might Icad to boiling. Why are the heat phe- 
nomena completely contradict as they all belong to matter dis- 
soluble in water? 

Originally, when matter dissolves in water, in one aspect, 
there appears a physical process where solute particles expand, 
this needs sufficient energy to overcome the attraction in the 
crystal, so it is necessary to absorb external heat. In the other 
aspect, a chemical process carries out simultancously where 
solute particles hydrate. During hydration, it is necessary for 
matter to emit heat to the external. The result will be heat 
absorption if heat absorption is larger than heat emission. The 
result will be heat emission if the heat absorption ts smaller 
than heat emission. It is determined that the dissolution of 80 
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grams of ammonium nitrate will absorb 6.32 kcal of heat, but 
10.4 kcal of heat will be emitted during the dissolution of 40 
grams of sodium hydrate. 


The Strange Temper of Saturated Solution 


It is known that the solubility of most solids decreases 
with the drop of temperature. So, normally crystal will be 
precipitated when the hot saturated solution is cooled (Fig. 
62). This method is often used in production or in laborato- 
ries to manufacture matter. 


Fig. 62 Crystallization during cooling 


Nothing in this world is absolute. There might be 
a possibility for saturated solution not to precipitate crystal, 
if mixing and vibrating cin be avoided and the cooling pro- 
cess slow. This kind of solution, which exceeds the limit of 
saturation but didn’t precipitate crystal, is called supersatu- 
rated solution. 
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The stapersattrated solution has a very strange temper. 
The solution will (urn (o saturated one and precipitate a 
great ninaber of crystals if/a single crystal as small as a needle 
(ip is added or touched to it. 

Why does the saturated solution have such strange explo- 
sive femper? This is because particles in the solution, no mat- 
(er molecule, ion or other particles are always on the move, 
dashing around madly instead of standing still. Crystal pre- 
cipitated from the solution can only be formed if the particles 
are concentrated together orderly and arranged in orientation 
in accordance with the geometric shape of crystal. Crystal will 
not precipitate if the arrangement is not in order. It is easy 
to turn order to disorder but not easy to turn disorder to or- 
der. Sometimes even through arrangement a whole orienta- 
tion in order cannot be achieved. Crystal cannot be formed 
in this way and the solution remains supersaturated. This con- 
dition sometimes might stand quite long if there is no external 
urge. Mixing, vibration or the addition of some picces of 
crystal will play a role in urging. A small crystal might at 
this time turn to be the core of the formation of a great num- 
ber of crystals. Thus, crystals in good order can be rapidly 
formed and precipitated from the solution. 
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CHAPTER XI 


SHOULD THE WATER OF LIFE 
BE EVER CLEANER 


, The outstanding ability of water shown in the aspect of 
dissolving matter brought us advantages but also harm.  Be- 
cause of its ability, seawater turned out to be the inexhausti- 
ble treasure housc, but its ability brought also cnvironmental 
pollution to human beings. Water is the material force for 
the existence of all lives. In our daily life, about 6,600 liters 
of water will be consumed by an adult per day of which 2 
liters for drinking, 600 liters for living, 3000 liters for industry 
and agriculture respectively per person in average. The pol- 
lution of water rclates directly to the health of mankind and 
the progress of social production. Therefore, measures in all 
aspects must be adopted to eliminate pollution and to make 
the water of life ever cleaner. 


The Purification Ability of 
Aluminium Salt 


Fresh water in nature generally comes from rivers and 
lakes. Besides a small amount of calcium, sodium and mag- 
nesium salt, the impuritics in this kind of water include sus- 
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pended matters such as sludge etc., organic matters dissolved 
in water and gas. Normally when this kind of water is used 
for drinking, aluminium salt is used to purify it. 

Before applying aluminium salt, water should be first 
held in a big tank for the settling of solid suspensions in water. 
This method for eliminating impurities of course can only re- 
move lurge suspended matters but not small solids and sus- 
pension colloid. Aluminium salt (normally aluminium sul- 
phate) and lime should then be added to the water to form col- 
loid precipitation i.e. aluminium hydroxide (Al (OH);) which 
is produced by the chemical reaction of aluminium salt and 
lime in water. This colloid precipitation can absorb those 
small suspended matters and most of the bacteria and will 
precipitate gradually. ‘The application of alum to purify water 
in countryside is the application of this principle. Alum is a 
kind of double salt containing aluminium sulphate and potas- 
sium sulphate. The required drinking water can be obtained 
by the application of aluminium salt for purification, and by 
a number cf further steps including filtering, disinfecting (nor- 
mally chlorine is used), deodorizing ctc. The purification 
procedure of a waterwork is normally procecded in this way. 

The requirements for industrial water, for which special 
attention is paid in preventing damage caused by calcium salt 
and magnesium salt in water, differs from drinking water. 
Water which contains a certain amount of soluble calcium 
salt and magnesium salt is usually called hard water. The 
way to treat hard water for reducing the content of caicium 
and magnesium is calicd the softening of hard water. 
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How to Soften Hard Waiter 


There are usually quite a number of calcium bicarbonate 
[Ca(HCO;)5] and magnesium bicarbonate [Mg(HCO3),] in 
hard water and this kind of water is hazardous. First, it might 
form scales which sticks to walls of boilers. This is because, 
while heating, hard water forms unsoluble calcium carbonate 
and magnesium carbonate. Its chemical reactions are: 

Ca (HCO). heating CaCO, § +H,QO+COr f 

Meg(HCO.;), heating MgCO; | -+H2O+CQOs 4 
The formation of such scales not only prohibits heat conduc- 
tion, consumed more fuel, and in some cases it might cause the 
boiler to explode because of the crack in scales which created 
partial overheat. The other disadvantage is hard water can 
react with sodium stearate (C,;H;,COONa) in soaps and pro- 
duces calcium stcarate, an unsoluble precipitation. Soap in 
such cases will lose its specified detergence. 

There are quite a number of ways to soften hard water. 
The most commonly used processes are chemical soften process 
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and ion exchange soften process. 
A certain amount of chemicals ure added to the water to 


turn the soluble calcium and magnesium salt to an unsoluble 
precipitation for the chemical softening method. For in- 
stance, when a certain amount of lime cream [Ca(OH1))] and 
sodium carbonate (Na,CQ3) is added to the water, the lime 
cream might change calcium bicarbonate to calcium carbonate 
precipitation; and sodium carbonate will turn the calcium sul- 
phate (CaSO,) and calcium chloride (CaClz) in. water into cal- 
cium carbonate precipitation: 
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Ca(HCO,)5+ Ca(OH). —+2CaCO, | 2H.O 
CaSO, ! Na:;CO; —.»CaCO; | | NaySO, 

The so-called ion exchange process uses ion exchanger 
to soften hard water. Exchangers normally used are sodium 
alumo-silicatc, sulphonating coal, other ion exchange resins etc. 
They themselves are unsoluble in water, but the metal ion (sttch 
us sodium ion) they possess, which is harmless to water, can 
be used to exchange the harmful calcium, magnesium tons in 
watcr thus achieving the purpose of removing calcium and 
magnesium salts. When hard water passes an apparatus con- 
taining ion exchanger, calcium and magnesium ton in the water 
will be attached on the ion exchanger and sodium ion will en- 
ter into the water, which flows as soft water. 

A combined method of jointly using chemical and ion 
exchange processes is often adopted by some plants to treat 
hard water. Usually in such cases, chemical process is firstly 
used for preliminary softening, and ion exchange process will 
later be used for further softening. 

All the abovementioned, no matter the purification of 
drinking water or the softening of hard water are measures 
adopted for preventing the pollution of water caused by na- 
ture. The pollution of water is even more serious with the 
development of modern industry and agriculture. 


New Problem in Eliminating Water Pollution 


Water pollution caused by modern industry and agricul- 
ture mainly comes from the poisonous effluences emitted from 
industrial production plants. In 1950, in a small town called 
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Minamata of Kumamoto county in Japan, some cats got mad 
and paralyzed, at the end they jumped into the sea ‘‘to cominit 
suicide”. In 1953, it happened again in the same place that 
some people suffered from lethargy, madness and death. Lat- 
er, an investigation conducted by the University of Kumamoto 
found that, the reason causing such Minamata disease was of 
the waste water and slag which contains organic mercury 
discharged from a nitrogen fertilizer plant. Normally, most of 
the mercury entering into a human body can be excreted with- 
‘out accumulation. Mercury will turn to mercury methyl while 
encountering microbe in sludges from rivers. Mercury methyl 
will scttle for a long time in the nerve center of human body if 
it is absorbed by human beings through drinking water or eat- 
ing fish. It might seriously impair one’s health even lead to 
death if a poisoning dose is reached. Besides mercury com- 
pound, poison in water from industries includes some metals 
compounds such as cadium, chromium, lead compounds, cya- 
nides etc. 

Another important reason causing water pollution which 
has to be taken care of, is the nutrilion in water discharged by 
industries, agricultural units or familics. For example, those 
abovementioned include phosphorales in detergents, chemical 
fertilizers such as nitrates being washed away from farmland, 
excrement and urine, organic matters in municipal sewage, 
waste from food products factories, dairies etc. Such rich ef- 
fluent nutrition in water causes a great propagation of water 
organic matters and the growing of algae everywhcre. This 
might lead to the death of fish and other aquatic animals owing 
to the great consumption of dissolved oxygen in water. 
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The pollution of petroleum on oceans and rivers is also 
serious with the rapid increase of petroleum consump- 
tion. Two bridges on Kaihoja River in U.S.A. were burned 
because of the heavy fire caused by oil pollution in 1969. It 
happened once that about ten thousand sea gulls died owing to 
an oil pollution near Alaska Gulf. The oil pollution on Lee 
River has caused the death of a great nurnber of trouts. 

Therefore, the pollution of modern production on air and 
water is a new task confronting us which has to be studied 
and solved urgently. How can we develop modern productien 
and prevent environmental pollution both at the same time? It 
is indeed not casy to solve such a difficult problem in a short 
timc. But, we are convinced that mankind possess in- 
exhauslible wisdom and power, all difficult problems will be 
solved by them through exploring. 


